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Volume 26 Study  R - I  

RESEARCH PROJECT SEGMENT 

S t a t e :  A laska  Name: S p o r t  F i s h  
I n v e s t i g a t i o n s  
o f  Alaska  

P r o j e c t :  F-9-17 

Study: R - I Study  T i t l e :  DISTRIBUTION, ABUN-
DANCE, AND NATURAL 
HISTORY OF THE ARCTIC 
GRAYLING I N  THE TANANA 
DRA I NAGE 

Job : R - I - A  Job T i t l e :  P o w l a t i o n  S t r u c t u r e  
and Dynamics o f  t h e  
A r c t i c  Gray1 i n g  W i t h  
Emphasis on H e a v i l y  
F i s h e d  Stocks 

Coopera tor :  R o l l Holmesa n d  

P e r i o d  Covered: J u l y  1, 1984 t o  June 30, 1985 

ABSTRACT 

P o p u l a t i o n  e s t i m a t e s  of Arct ic  g r a y l i n g ,  Thymallus arcticus ( P a l l a s ) ,  
g r e a t e r  than  150 m i l l i m e t e r s  f o r k  l e n g t h ,  were conducted on f i v e  
s e c t i o n s  of t h e  lower 90 m i l e s  of t h e  Chena River. P o p u l a t i o n s  on t h e  
t h r e e  lower r iver  S e c t i o n s  (2b, $ a ,  and Dam S i t e )  were s i m i l a r  t o  p a s t  
y e a r s .  P o p u l a t i o n  e s t i m a t e s  i n  S e c t i o n  10b were lower t h a n  p a s t  
e s t i m a t e s ,  w h i l e  e s t i m a t e s  i n  S e c t i o n  1 2  were much h i g h e r  than  t h o s e  of 
p r e v i o u s  y e a r s .  

The Age-IV y e a r - c l a s s  was q u i t e  s t r o n g ,  and t h e  Age-11, Age-111, and 
Age-V y e a r - c l a s s e s  were weaker t h a n  normal. C o r r e l a t i o n  between 
y e a r - c l a s s  s t r e n g t h  and average r iver  d i s c h a r g e  i n  t h e  n a t a l  y e a r  was 
s i g n i f i c a n t  (P < 0.95) and i n d i c a t e d  t h a t  h i g h  w a t e r  i n h i b i t s  e i t h e r  
spawning s u c c e s s  o r  egg o r  f r y  s u r v i v a l .  

Average annual  s u r v i v a l  f o r  g r a y l i n g  Ages I V - V I I I  was 0 .48 .  F i s h i n g  
m o r t a l i t y  was approximately 20%. 

Three measures of s t o c k  r e c r u i t m e n t  were e v a l u a t e d .  Catch-per-unit-
e f f o r t  of Age-I and Age-I1 g r a y l i n g  and s t a n d a r d i z e d  s e i n i n g  of 
young-of-the-year g r a y l i n g  appeared t o  b e  r e l a t i v e l y  a c c u r a t e  a s  
r e c r u i t m e n t  i n d i c e s .  P o p u l a t i o n  e s t i m a t e s  of g r a y l i n g  100-149 
mi l l ime te r s  i n  f o r k  l e n g t h  were n o t  s u c c e s s f u l  because r e c a p t u r e  r a t e s  
were low. 



Creel-census i n f o r m a t i o n  c o l l e c t e d  from May 1 t o  September 15,  1984 
a long  t h e  upper  Chena R ive r  r e v e a l e d  t h a t  an e s t i m a t e d  17,090 a n g l e r  
h o u r s  were expended t o  h a r v e s t  9 ,623 g r a y l i n g .  The e s t i m a t e d  c a t c h  r a t e  
of  0.59 g r a y l i n g  p e r  hour  was s i m i l a r  t o  p r e v i o u s  c a t c h  r a t e s .  Angler  
p r e s s u r e  and h a r v e s t  f i g u r e s ,  by month, a r e  p r e s e n t e d ,  a long  w i t h  c a t c h  
composi t ion.  C r e e l  censuses  s i n c e  1970 a r e  summarized. Badger Slough 
s p r i n g - h a r v e s t  s t u d i e s  p rov ided  an e s t i m a t e d  c a t c h  r a t e  of 1.0 g r a y l i n g  
p e r  hour .  About 37% of t h e s e  f i s h  were of spawning s i z e .  I n  an ave rage  
y e a r ,  t h i s  would r e p r e s e n t  a h a r v e s t  of about  1,700 spawners.  

About 1,500 pond-reared g r a y l i n g  were s tocked  i n t o  t h e  upper  Chena 
R ive r .  Mean s u r v i v a l  from s a c  f r y  t o  s t o c k i n g  of pond-reared f i s h  was 
about  5%, and t h e  mean f o r k  l e n g t h  was 134 mi l l imeters .  A t o t a l  of 
92,000 h a t c h e r y - r e a r e d  f i n g e r l i n g s  were s tocked  i n  t h e  Chena R i v e r ,  a s  
w e l l .  These f i s h  averaged 60.4 m i l l i m e t e r s  i n  l e n g t h ,  which i s  s i m i l a r  
t o  t h e  mean s i z e  of w i l d  young-of-the-year g r a y l i n g .  

D i sc r iminan t  f u n c t i o n  a n a l y s i s  (LDF) of s c a l e - p a t t e r n  v a r i a b l e s  of 
young-of-the-year g r a y l i n g  from f o u r  s e p a r a t e  groups (Chena R i v e r ,  
Badger Slough,  pond-reared, and h a t c h e r y  g r a y l i n g )  was performed.  If 
v a r i a b l e s  no t  r e l a t e d  t o  l e n g t h  were used ( f o r  example,  c i r c u l i  
s p a c i n g s ) ,  LDF a n a l y s i s  was n o t  s u c c e s s f u l  i n  s e p a r a t i n g  t h e s e  groups.  
Leng th - re l a t ed  s c a l e  v a r i a b l e s  ( f o r  example,  c i r c u l i  c o u n t s )  improved 
t h e  accu racy  of LDF c l a s s i f i c a t i o n s .  

The g r a y l i n g  i n t r a s t r e a m - m i g r a t i o n s  s t u d y  was con t inued  i n  1984. 
A t o t a l  of 4 2  g r a y l i n g  were r e c a p t u r e d .  The u s e  of s u r g i c a l l y  implanted 
r a d i o  t r a n s m i t t e r s  f o r  movement s t u d i e s  was e v a l u a t e d .  T r a n s m i t t e r s  
l a s t e d  about  4 months,  and tagged f i s h  appeared t o  engage i n  normal 
movements. These s t u d i e s  w i l l  be  con t inued  t o  e v a l u a t e  o v e r w i n t e r i n g  
and spawning movements. 

KEY WORDS 

A r c t i c  g r a y l i n g ,  Tanana d r a i n a g e ,  e l e c t r o f i s h i n g ,  p o p u l a t i o n  e s t i m a t e s ,  
c r ee l  c e n s u s ,  m i g r a t i o n s ,  s t o c k  s t r u c t u r e ,  p o p u l a t i o n  dynamics, t a g g i n g ,  
s t r e a m  s u r v e y s  and enhancement. 

BACKGROUND 

The Chena River i s  t y p i c a l  of t h e  c l e a r ,  runof f - type  s t r e a m s  common i n  
i n t e r i o r  Alaska.  The Chena River o r i g i n a t e s  i n  t h e  Tanana H i l l s  about  
100 m i  e a s t  of F a i r b a n k s  a t  l a t .  65" N ,  l ong .  145" W and f lows  w e s t e r l y ,  
emptying i n t o  t h e  Tanana R ive r  j u s t  below t h e  c i t y  of F a i r b a n k s .  The 
e n t i r e  wa te r shed  o c c u p i e s  about  1,900 s q  m i ;  t h e  r i v e r  b a s i n  i s  100 m i  
long and a maximum of 40 m i  wide.  The r i v e r  h a s  been d i v i d e d  i n t o  1 7  
s e c t i o n s  f o r  s t u d y  ( F i g .  1 )  (Table  1 ) .  

3The annua l  mean f low of t h e  Chena R i v e r  a t  Fa i rbanks  i s  1,418 f t  / s ,  
based on d a t a  c o l l e c t e d  by t h e  U.S. y o l o g i c a l  Survey s i n c e  1947. The 
maximurg annua l  meanflow was 3,160 f t  / s  i n  1949, and t h e  minimum was 
708 f t  / s  in31958. The 1967 f l o o d  accounted f o r  t h e  r e c o r d  maximum f low 
of 74,000 f t  / s  t h rough  F a i r b a n k s .  
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F i g u r e  1 .  Chena R i v e r  S t u d y  S e c t i o n s .  



Table 1. Chena River  s t u d y  s e c t i o n s .  

S e c t i o n  
number 

1 


2a 

2b 

3 


4 


5 


6 


7 


8 


9a 

9b 

10 


11 


1 2  


13 


14 


15 


16 


1 7  


S e c t i o n  name 

River  Mouth t o  U n i v e r s i t y  Ave. 

U n i v e r s i t y  Ave. t o  Peger Road 

Peger  Road t o  Wendell S t r e e t  

Wendell S t .  t o  Wainwright 
Rai l road  

Wainwright R a i l r o a d  Bridge t o  
Badger Slough. 

Badger Slough 

Badger Slough t o  L i t t l e  Chena 

L i t t l e  Chena River  

L i t t l e  Chena t o  Nordale  Slough 

Nordale  Slough t o  B l u f f s  

B l u f f s  t o  B a i l e y  Bridge 

B a i l e y  Bridge t o  Hodgins Slough 

Hodgins Slough t o  Fourmile Creek 

Fourmile Creek t o  F i r s t  Bridge 

F i r s t  Bridge t o  Second Bridge 

Second Bridge t o  North Fork 

North Fork of Chena River  

E a s t  Fork of Chena River  

West Fork of Chena River  

River  
miles 

0-6 


6 -8 


8-11 


11-14.5 

14.5-21.5 

21.5-24.5 

24.5-31 

31-55.5 

55.5-60 


60-76 


76-84 


84-88.5 


88.5-91 

91-95.5 

S e c t i o n  

Length 

( m i l e s )  


6.0 

2.0 

3.0 

3.5 

7.0 

16.5 

3.0 

61.5 

6.5 

24.5 

4.5 

16.0 

8.0 

4.5 

2.5 

4.5 

35.0 

62.0 

35.0 
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Like most c l e a r ,  runoff - type  s t r e a m s  i n  i n t e r i o r  Alaska,  t h e  Chena River  
s u p p o r t s  a l a r g e  p o p u l a t i o n  of Arct ic  g r a y l i n g ,  Thymallus arctzkus 
( P a l l a s ) .  Although t h e  Chena River  c o n t a i n s  many s p e c i e s  of f i s h ,  t h e  
A r c t i c  g r a y l i n g  i s  t h e  p r i n c i p a l  s p e c i e s  of r e c r e a t i o n a l  importance.  
Because of i t s  proximi ty  t o  Fa i rbanks ,  t h e  Chena River  s u p p o r t s  t h e  
l a r g e s t  g r a y l i n g  f i s h e r y  i n  t h e  s t a t e .  

The Chena Hot Spr ings  Road, which p a r a l l e l s  t h e  Chena River  from Mile 26 
t o  i t s  te rminus  a t  Mile 60, c r o s s e s  t h e  r i v e r  seven times, p r o v i d i n g  
easy  a c c e s s  f o r  f i shermen and r e c r e a t i o n i s t s  a l i k e .  It  i s  i n  t h i s  a r e a  
of i n t e n s e  f i s h i n g  p r e s s u r e  t h a t  t h e  1984 Creel Census was conducted. 
Also w i t h i n  t h i s  a r e a  i s  t h e  250,000-acre Chena River  R e c r e a t i o n  Area. 
Recent campground c o n s t r u c t i o n  h e r e  by t h e  Alaska Department of N a t u r a l  
Resources ,  D i v i s i o n  of Parks ,  h a s  i n c r e a s e d  a c c e s s  t o  t h e  r i v e r  and 
f u r t h e r e d  r e c r e a t i o n a l  u s e .  

The Department of F i s h  and G a m e  has  monitored a n g l e r  u s e  and h a r v e s t  
l e v e l s  on t h e  upper Chena s i n c e  1967 (Van H u l l e ,  1968; Roguski and 
Winslow, 1969; Roguski and Tack, 1970; Tack, 1971, 1973, 1975, 1976; 
H a l l b e r g ,  1977-1982; Holmes, 1983, 1984).  Use l e v e l s  have shown a 
g e n e r a l  i n c r e a s e ,  w h i l e  c a t c h  r a t e s  and f i s h  s i z e  have remained 
r e l a t i v e l y  c o n s t a n t .  

I n t e n s i v e  s t u d i e s  of A r c t i c  g r a y l i n g  s t o c k s  have been conducted i n  
s e l e c t e d  index a r e a s  f o r  s e v e r a l  y e a r s .  Standard mark and r e c a p t u r e  
methods t o  estimate g r a y i n g  numbers were i n i t i a t e d  by Roguski and 
Winslow (1969) ,  and cont inued  by Roguski and Tack (1970) ,  Tack 
(1971-1976), H a l l b e r g  (1977-1982) and Holmes (1983, 1984).  Informat ion  
o b t a i n e d  d u r i n g  t h e  p o p u l a t i o n  e s t i m a t e s  a l s o  i n c l u d e s  l e n g t h  
f r e q u e n c i e s ,  age  and l e n g t h  composi t ion ,  and annual  s u r v i v a l l m o r t a l i t y - -  
a l l  of which a i d  i n  unders tanding  g r a y l i n g  l i f e  h i s t o r y  and e v a l u a t i n g  
t h e  h e a l t h  of t h e  e x p l o i t e d  s t o c k s  of t h e  Chena River .  

The U.S. Army Corps of Engineers  h a s  c o n s t r u c t e d  a f l o o d - c o n t r o l  p r o j e c t  
on t h e  Chena River  a t  River  Mile 47 .  The p r o j e c t  i s  des igned  t o  channel  
f l o o d  w a t e r s  from t h e  upper Chena River  d i r e c t l y  i n t o  t h e  Tanana R i v e r ,  
bypass ing  t h e  c i t y  of Fa i rbanks  and t h e  lower Chena R i v e r ,  t h u s  
p r o t e c t i n g  both  from f l o o d  w a t e r s .  Other  f a c t o r s  a f f e c t i n g  t h e  r i v e r  
i n c l u d e  a h o t  s p r i n g s  and r e s o r t  on t h e  North Fork,  numerous r e c r e a t i o n  
c a b i n s  on t h e  North and West Forks ,  and a m i l i t a r y  campground n e a r  
Mullen Slough. Hydraul ic  gold-mining o p e r a t i o n s  a r e  a c t i v e  on t h e  
L i t t l e  Chena River  and East Fork, and mining a c t i v i t i e s  a r e  scheduled  on 
t h e  South and West Forks.  These a c t i v i t i e s ,  a long  w i t h  t h e  problems 
a s s o c i a t e d  w i t h  a c i t y  and m i l i t a r y  complex l o c a t e d  i n  t h e  lower 15 m i  
of t h e  r i v e r ,  pose  a v a r i e t y  of management problems f o r  t h e  Spor t  F i s h  
D i v i s i o n  i n  our  on-going e f f o r t s  t o  m a i n t a i n  t h e  i n t e g r i t y  of t h e  Chena 
River  and i t s  fauna .  

RECOMMENDATIONS 

Research 

1. P o p u l a t i o n  estimates on t h e  f i v e  index  s e c t i o n s  of t h e  Chena River 
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should be cont inued.  Sampling e f f o r t  should be i n c r e a s e d  on 
S e c t i o n s  8 a ,  D a m  S i t e ,  10b and 1 2  t o  i n c r e a s e  t h e  p r e c i s i o n  of t h e  
e s t i m a t e s  and t o  a l low f o r  c o h o r t  p o p u l a t i o n  e s t i m a t e s .  

2 .  	 The f i v e  index estimates should be used as t h e  b a s i s  f o r  a t o t a l  
Chena River  p o p u l a t i o n  e s t i m a t e .  

3 ,  	 Index-area p o p u l a t i o n  e s t i m a t e s  and age and l e n g t h  sampling should  
b e  performed on t h e  Sa lcha  and Chatanika Rivers. 

4. 	 Age-s t ruc ture  sampling should be i n c r e a s e d  from a l l  index  sampling 
a r e a s  t o  improve p r e c i s i o n  of c o h o r t  a n a l y s i s .  Yearly c o h o r t  
p o p u l a t i o n  changes should be e s t i m a t e d .  

5. 	 Recrui tment  i n d i c e s  should  be cont inued ,  and sampling e f f o r t  
i n c r e a s e d .  P o p u l a t i o n  estimates of g r a y l i n g  100-149 mm f o r k  l e n g t h  
should  b e  d i s c o n t i n u e d  as a r e c r u i t m e n t  index.  

6 .  	 The r e l a t i o n s h i p  between y e a r - c l a s s  s t r e n g t h  and average  d i s c h a r g e  
should  c o n t i n u e  t o  be i n v e s t i g a t e d .  

7. 	 I n v e s t i g a t i o n s  of g r a y l i n g  p o p u l a t i o n s  should c o n t i n u e  on 
headwaters  of t h e  major  r i v e r  systems of i n t e r i o r  Alaska.  

8. 	 Knowledge of m o r t a l i t y  f a c t o r s  of Chena River  g r a y l i n g  should  be 
r e f i n e d  and emphasis be p laced  on estimates of f i s h i n g  m o r t a l i t y .  

9.  	 Creel-census e f f o r t s  on t h e  upper  Chena River  should be cont inued ,  
and sampling e f f o r t  i n c r e a s e d .  S i n g l e  a n g l e r  i n t e r v i e w s  should  be 
o b t a i n e d  and c a t c h  sampling i n c r e a s e d .  

10. 	 Angler i n t e r v i e w s  d u r i n g  s p r i n g  f i s h e r i e s  on Badger Slough and 
o t h e r  a r e a  streams should  be performed t o  estimate 
c a t c h - p e r - u n i t - e f f o r t  (CPUE), o b t a i n  c a t c h  samples ,  and de termine  
t h e  e f f e c t  of f i s h e r i e s  on spawning s t o c k s .  

11. 	 Use of rad io- te lemet ry  t o  i n v e s t i g a t e  spawning, s t o c k  mixing and 
o v e r w i n t e r i n g  h a b i t a t  should  be e v a l u a t e d .  

1 2 .  	 I n c r e a s e d  s t o c k i n g  l e v e l s  i n  r e a r i n g  ponds should  b e  e v a l u a t e d .  
Improved t e c h n i q u e s  f o r  t r a p p i n g  and removing pond-reared f i s h  
should  b e  developed. 

13. 	 A l l  f i s h  s tocked  i n  t h e  open-r iver  system should b e  micro-wire 
tagged. 

14. 	 The c o n t r i b u t i o n  of enhancement f i s h  t o  t h e  p o p u l a t i o n  s t r u c t u r e  
and t h e  f i s h e r y  should  b e  e v a l u a t e d .  
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15. 	 A model of p red ic t ed  g ray l ing  y i e l d  based on m o r t a l i t y ,  
recru i tment ,  movement, e f f o r t  and h a b i t a t  d a t a  obtained from t h e  
Chena River should be developed. 

Management 

1. 	 Monitoring of development p r o j e c t s  a f f e c t i n g  t h e  Chena River should 
be continued. 

2.  	 Recruitment i n d i c e s  should be monitored t o  determine t h e  need f o r  
s tock  enhancement of t h e  Chena River.  

3 .  	 Grayl ing egg sources  should be assessed, and product ion of f r y  i n  
r e a r i n g  ponds should be eva lua ted .  

OBJECTIVES 

1. 	 To estimate t h e  number of g ray l ing ,  as w e l l  as 
a s s e s s  and compare age and s i z e  composition of t h e  
g ray l ing  s tocks  i n  f i v e  Chena River  and one 
Chatanika River index s e c t i o n s  dur ing  Ju ly  and e a r l y  
August. 

2. 	 To determine catch-per-uni t -effor t  and age and s i z e  
composition of g ray l ing  harves ted  i n  major Fairbanks 
a r e a  f i s h e r i e s ,  inc luding  t h e  Chena and Chatanika 
Rivers  and Badger and P i l e d r i v e r  Sloughs. To a l s o  
perform a s t a t i s t i c a l l y  based c r e e l  census t o  
estimate ang le r  hours and ha rves t  on t h e  upper Chena 
River from May 1 t o  September 15. 

3 .  	 To eva lua te  t h e  importance of y e a r l y  movements and 
migra t ions  of g ray l ing  wi th in  t h e  Chena River  i n  
c o n t r i b u t i n g  t o  ang le r  ha rves t  and s tock  mainte-
nance. 

4 .  	 To estimate t o t a l  annual  m o r t a l i t y  of g ray l ing  
s tocks  wi th in  f i v e  Chena River and one Chatanika 
River  index s e c t i o n s .  To a t tempt  t o  estimate 
f i s h i n g  m o r t a l i t y  i n  t h e  upper Chena River index 
sec t ion .  

5. 	 To e v a l u a t e  t h r e e  methods of indexing o r  e s t ima t ing  
s tock  recru i tment  i n  t h e  f i v e  Chena River  and one 
Chatanika River  index s e c t i o n s .  

6. 	 To eva lua te  growth and s u r v i v a l  of g ray l ing  stocked 
i n t o  f o u r  summer r e a r i n g  ponds t o  determine t h e i r  
s u i t a b i l i t y  f o r  f u t u r e  s t o c k  enhancement of t h e  
upper Chena River.  

7 .  	 To perform surveys of t h e  g ray l ing  popula t ion  

65 




s t r u c t u r e  of i n t e r i o r  Alaska headwater streams, as 
t i m e  permi ts .  

8. 	 To develop a model of p r e d i c t e d  g r a y l i n g  y i e l d  based 

on growth, m o r t a l i t y ,  r e c r u i t m e n t ,  movement and 

h a r v e s t  d a t a  o b t a i n e d  from t h e  Chena River .  


TECHNIQUES USED 

I n t e n s i v e  s t u d i e s  of A r c t i c  g r a y l i n g  i n  1984 were conduced on f i v e  3 - m i  
index  s e c t i o n s  (2b,  8a, Dam S i t e ,  10b and 12) r e p r e s e n t i n g  v a r i o u s  
h a b i t a t  t y p e s  on t h e  Chena River .  

S e c t i o n s  2b and 8a l i e  below t h e  newly c o n s t r u c t e d  Chena River  Lakes 
Flood C o n t r o l  P r o j e c t  and may be d i r e c t l y  a f f e c t e d  d u r i n g  t imes of 
f l o o d i n g .  S e c t i o n  2b l i e s  a d j a c e n t  t o  Fa i rbanks ,  i s  e a s i l y  a c c e s s i b l e  
and over  t h e  y e a r s ,  h a s  been exposed t o  heavy development. S e c t i o n  8a 
i s  l o c a t e d  about  15 m i  upstream of Fa i rbanks .  Although S e c t i o n  8a 
remains f a i r l y  a c c e s s i b l e ,  i t  h a s  n o t  y e t  exper ienced  i n t e n s i v e  
development. The upper t h r e e  s e c t i o n s  are l o c a t e d  above t h e  f lood-
c o n t r o l  s t r u c t u r e .  The a r e a  known as t h e  Dam S i t e  i s  t h e  3 - m i  s t r e t c h  
of r i v e r  d i r e c t l y  upstream of t h e  c o n t r o l  s t r u c t u r e .  I n  t h i s  a r e a ,  
f l o o d  waters from t h e  Chena River  e n t e r  t h e  floodway and e v e n t u a l l y  f i n d  
t h e i r  way i n t o  t h e  Tanana River .  E s t i m a t e s  h e r e  began i n  1972 (Tack, 
1973) and w i l l  be  cont inued  t o  monitor  any changes i n  t h e  g r a y l i n g  
p o p u l a t i o n  s t r u c t u r e  r e l a t e d  t o  t h e  f l o o d - c o n t r o l  p r o j e c t .  S e c t i o n  10b 
i s  undeveloped and r e l a t i v e l y  i n a c c e s s i b l e , and a n g l e r  u s e  i s  minimal; 
t h u s ,  i t  s e r v e s  a s  a c o n t r o l  a r e a  i n  o u r  p o p u l a t i o n  e s t i m a t e s .  A new 
index  a r e a ,  S e c t i o n  1 2 ,  was i n i t i a t e d  i n  1983. This  s e c t i o n  i s  l o c a t e d  
i n  t h e  upper  Chena River  i n  t h e  h e a v i l y  f i s h e d  p o r t i o n  of t h e  r i v e r .  
P o p u l a t i o n  s i z e ,  and age and growth informat ion  from t h i s  s e c t i o n  w i l l  
be  compared w i t h  catch-sample d a t a  o b t a i n e d  from t h e  upper Chena River  
c r e e l  census.  A d d i t i o n a l  i n t e n s i v e  sampling w a s  performed on a 1.5-mi 
s e c t i o n  of t h e  Chatanika River .  

Grayl ing  f o r  p o p u l a t i o n  estimates, and age  and l e n g t h  composi t ion were 
c a p t u r e d  by a boat-mounted e l e c t r o f i s h i n g  u n i t  d e s c r i b e d  by Van H u l l e  
(1968) and Roguski and Winslow (1969).  E l e c t r o f i s h i n g  p a s s e s  were made 
through each of t h e  3-mi-long Chena River  index  s e c t i o n s  on t h r e e  
s u c c e s s i v e  days.  Mark-recapture p o p u l a t i o n  estimates and t h e i r  
a s s o c i a t e d  95% conf idence  i n t e r v a l s  were c a l c u l a t e d  u s i n g  t h e  Schnabel  
technique  (Ricker ,  1978). 

S c a l e  samples f o r  age d e t e r m i n a t i o n  were t a k e n  from a subsample of 25% 
of  t h e  f i s h  c a p t u r e d  d u r i n g  t h e  e l e c t r o f i s h i n g  runs .  Scales were 
c leaned  and impressed on 20-mm-thick a c e t a t e  u s i n g  a Carver  p r e s s  a t  
20,000 l b / i n 2  h e a t e d  t o  200°F f o r  30 seconds.  S c a l e s  were aged u s i n g  a 
Bruning 200 m i c r o f i c h e  r e a d e r .  

Age f r e q u e n c i e s  o b t a i n e d  from t h e  index  sampling i n  S e c t i o n s  2b, 8a, D a m  
S i t e  and 10b through 1983 were m u l t i p l i e d  by p o p u l a t i o n  e s t i m a t e s  t o  
o b t a i n  per-mile estimates of numbers of g r a y l i n g  i n  each age group. 
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These d a t a  were used t o  e s t i m a t e  annual  s u r v i v a l  and m o r t a l i t y  by two 
d i f f e r e n t  methods: catch-curve a n a l y s i s  and cohor t  a n a l y s i s .  The ra te  
of f i s h i n g  m o r t a l i t y  was e s t i m a t e d  by c a l c u l a t i n g  t h e  p e r c e n t  of t h e  
t o t a l  Chena River  m o r t a l i t y  a t t r i b u t a b l e  t o  f i s h i n g  ( o b t a i n e d  by c r e e l  
c e n s u s ) .  

Three methods of indexing  s t o c k  r e c r u i t m e n t  were e v a l u a t e d  i n  1984. The 
f i r s t  method involved  Schnabel mark-recapture  p o p u l a t i o n  e s t i m a t e s  O f  

100-149 mm f o r k  l e n g t h  (FL) g r a y l i n g  i n  each index  s e c t i o n .  These 
p o p u l a t i o n  estimates were made c o n c u r r e n t l y  w i t h  t h e  estimates of 
g r a y l i n g  g r e a t e r  t h a n  150 mm FL. By t h e  second method, Age-I and Age-I1 
g r a y l i n g  were s e g r e g a t e d  u s i n g  length-frequency a n a l y s i s .  The CPUE of 
each of t h e  age-c lasses  i n  each index  s e c t i o n  was then  cons idered  a s  an 
index  of abundance. For t h e  t h i r d  method, a series of s e i n e  h a u l s  was 
made i n  t h e  upper ,  middle ,  and lower Chena R i v e r ,  The CPUE f o r  
young-of-the-year g r a y l i n g  from t h e s e  s e i n e  h a u l s  was used as an index  
of t h e  r e l a t i v e  abundance of Age-0 g r a y l i n g .  The accuracy  of t h e  Age-I 
and Age-I1 CPUE estimates w a s  t e s t e d  u s i n g  r e g r e s s i o n  a n a l y s i s  (Zar ,  
1974). 

A roving  cree l -census  was conducted a long  t h e  upper Chena River .  T o t a l  
a n g l e r  hours  were e s t i m a t e d  u s i n g  counts  of f ishermen a t  2 p.m. on s i x  
randomly s e l e c t e d  days p e r  month w i t h i n  weekend and weekday s t r a t a  
(Holmes, 1981).  Angler i n t e r v i e w s  were conducted d u r i n g  t h e  r o v i n g  
cree l -census  t o  compute c a t c h  s t a t i s t i c s  and g a t h e r  a n g l e r - p r o f i l e  
in format ion .  A l l  angler-caught  f i s h  were measured, and scale samples 
taken .  Angler i n t e r v i e w s  were conducted i n  s p r i n g  on t h e  Badger Slough 
g r a y l i n g  f i s h e r y  t o  index  c a t c h  ra tes  and de termine  t h e  p r o p o r t i o n  of 
spawning a d u l t s  i n  t h e  c a t c h .  

Two t e c h n i q u e s  were used t o  s t o c k  g r a y l i n g  i n  t h e  Chena River  f o r  t h e  
f i r s t  t i m e  i n  1984. The f i r s t  t echnique  involved  s t o c k i n g  g r a y l i n g  f r y  
i n  s m a l l  w i n t e r - k i l l  ponds i n  t h e  s p r i n g  f o r  r e a r i n g ,  t h e n  removing them 
and s t o c k i n g  them i n  t h e  Chena River  i n  t h e  f a l l .  The second method 
involved s t o c k i n g  ha tchery- reared  g r a y l i n g  f i n g e r l i n g s  d i r e c t l y  i n  t h e  
Chena R i v e r  i n  l a t e  August. 

Discr iminant  f u n c t i o n  s c a l e  a n a l y s i s  w a s  performed i n  1984 i n  an e f f o r t  
t o  s e p a r a t e  enhancement f i s h  from w i l d  Chena River  g r a y l i n g .  A sample 
of about  100 scales was o b t a i n e d  from t h e  two groups of enhancement f i s h  
( h a t c h e r y  and pond-reared) b e f o r e  t h e y  were s tocked  i n  l a t e  August and 
e a r l y  September. I n  l a t e  August w i l d  young-of-the-year g r a y l i n g  i n  t h e  
main Chena River ( a c r o s s  from F t .  Wainwright) and i n  Badger Slough ( j u s t  
below Nordale  Road) were sampled w i t h  a 30-f t  beach s e i n e .  Badger 
Slough f i s h  were inc luded  as a group because a p r e v i o u s  s t u d y  (Walker, 
1983) i n d i c a t e d  t h a t  t h i s  t r i b u t a r y  p o s s i b l y  provided a s i g n i f i c a n t  
p r o p o r t i o n  of t h e  r e c r u i t m e n t  t o  t h e  Chena system. 

S c a l e s  were removed from t h e  area above t h e  l a t e r a l  l i n e  below t h e  
p o s t e r i o r  i n s e r t i o n  of t h e  d o r s a l  f i n .  Fork l e n g t h s  of a l l  sampled f i s h  
were recorded.  

Scales were mounted between two microscope s l ides  and p r o j e c t e d  a t  lOOX 
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m a g n i f i c a t i o n  on a microcomputer d i g i t i z i n g  system a t  t h e  Commercial 
F i s h e r i e s  D i v i s i o n  Stock Biology Labora tory  i n  Anchorage, as d e s c r i b e d  
by Conrad (1984).  A hand-operated c u r s o r  was used t o  e n t e r  t h e  l o c a t i o n  
of s c a l e  f o c u s  and each subsequent  c i r c u l u s  t o  t h e  n e a r e s t  0.01 i n .  
These s c a l e  measurements were made a t  a 45" a n g l e ,  v e n t r a l  from t h e  
a n t e r i o - p o s t e r i o r  s c a l e  a x i s .  

These d a t a ,  a long  w i t h  l e n g t h  and 
were recorded on a f l e x i b l e  magnet ic  

sample- locat ion d a t a  f o r  each 
d i s k .  

f i s h ,  

The method used t o  d i s c r i m i n a t e  A r c t i c  g r a y l i n g  by t h e s e  s c a l e  
measurements was F i s h e r ' s  LDF. I f  e q u a l ,  m u l t i v a r i a t e ,  normal 
d i s t r i b u t i o n s  are a s s u r e d ,  LDF c l a s s i f i c a t i o n  s c o r e s  a r e  conver ted  t o  
p o s t e r i o r  p r o b a b i l i t i e s  of group membership (Dixon and Brown, 1981).  
Each c a s e  was ass igned  t o  t h e  group f o r  which i t  had t h e  h i g h e s t  
p o s s i b i l i t y  of membership. 

The LDF se lec ts  c l a s s i f i c a t i o n  v a r i a b l e s  i n  a s t e p w i s e  manner based on 
F - s t a t i s t i c s .  A l a r g e  F - s t a t i s t i c  i n d i c a t e s  a l a r g e  d i f f e r e n c e  between 
groups.  A d d i t i o n a l  v a r i a b l e s  a r e  added t o  t h e  d i s c r i m i n a n t  f u n c t i o n  if 
t h e  new e q u a t i o n  i s  s i g n i f i c a n t l y  d i f f e r e n t  ( a  = 0.05) from t h e  reduced 
model. A l l  d i s c r i m i n a n t  a n a l y s e s  were performed w i t h  t h e  BMDP 81 (Dixon 
and Brown, 1981) s t a t i s t i c a l  package a v a i l a b l e  on t h e  U n i v e r s i t y  of 
Alaska computer system. 

To maximize t h e  number of v a r i a b l e s  a v a i l a b l e  f o r  a n a l y s i s ,  a l l  s c a l e  
samples w i t h  fewer t h a n  f o u r  c i r c u l i  were excluded.  T h i s  r e s u l t e d  i n  a 
l o s s  of 1 7  f i s h  from t h e  h a t c h e r y  sample. T h i s  a l s o  allowed comparison 
w i t h  a n o t h e r  g r a y l i n g  s c a l e - p a t t e r n  s t u d y  (Walker, 1983) i n  which only  
t h e  f i r s t  f o u r  c i r c u l i  were analyzed.  The u s e  of c i r c u l i  c o u n t s  a l o n e  
as a s t o c k  s e p a r a t i o n  t o o l  w a s  a l s o  e v a l u a t e d .  

Grayling-movement s t u d i e s  emphasized t h e  e v a l u a t i o n  of s u r g i c a l l y  
implanted r a d i o  t r a n s m i t t e r s .  Four Advanced Telemetry Systems B E 1  10-35 
t r a n s m i t t e r s  (weight ,  13 g; t a g  l i f e ,  7 months) and f o u r  ATS RM 625 
t r a n s m i t t e r s  (weight ,  9 .5  g;  t a g  l i f e ,  4 months) were implanted i n  Chena 
River  g r a y l i n g .  The t r a n s m i t t e r s  were s u r g i c a l l y  implanted i n  t h e  body 
c a v i t y  above t h e  p e l v i c  g i r d l e  w i t h  t h e  an tenna  t r a i l i n g  behind t h e  f i s h  
(Ross ,  1981).  Tag f r e q u e n c i e s  ranged from 150.000 t o  151.000 MHz. 
A f t e r  t h e  s u r g e r y  t h e  g r a y l i n g  were h e l d  o v e r n i g h t  b e f o r e  release. 
T r a n s m i t t e r  s i g n a l s  were monitored w i t h  a T e l o n i c s  TS-1 Scanner/  
P r o c e s s o r ,  a T e l o n i c s  TR-2 Biomedical Telemetry Rece iver ,  and a T e l o n i c s  
RA-2AK an tenna  mounted on t h e  wing s t r u t  of a Cessna 185 a i r c r a f t .  

F I N D I N G S  

Popula t ion  Estimates 

Chena River :  

A l l  estimates of t h e  number of g r a y l i n g  p e r  m i l e  f o r  S e c t i o n s  2b, 8a, 
and t h e  Dam S i t e  were similar t o  e s t i m a t e s  o b t a i n e d  i n  1983 (Table  2 ) .  
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Tab le  2. 	 (Cont.)  P o p u l a t i o n  estimates f o r  A r c t i c  g r a y l i n g  g r e a t e r  
t han  150 mm f o r k  l e n g t h  i n  index  s e c t i o n s  of Chena R i v e r ,  
1968-1984. 

Rive r  Gray l ing  p e r  m i l e  
S e c t i o n  Year Date (Schnabel  E s t i m a t e )  

1Ob 1970 
1980 
1981 
1982 
1983 
1984 

J u n e  -/-July 7 
Aug. 12-15 
J u l y  21-24 
J u l y  28-30 
J u l y  19-21 
J u l y  19-20 

1,873* 
1,163 
1,391 
1,400 
1,458 

788** 

12 1983 
1984 

J u l y  19-21 
J u l y  31-Aug. 3 

362 
2 ,109 

* Es t ima ted  f o r  t h e  e n t i r e  16 m i  of S e c t i o n  10. 

** P e t e r s e n  estimate. 

70 



However, t h e  e s t i m a t e d  p o p u l a t i o n  of S e c t i o n  10b was s l i g h t l y  more than  
h a l f  of t h e  1983 e s t i m a t e d  p o p u l a t i o n ,  w h i l e  t h e  estimate f o r  S e c t i o n  1 2  
w a s  more than  f i v e  t i m e s  g r e a t e r  t h a n  t h e  1983 e s t i m a t e .  

The p o p u l a t i o n  estimate f o r  S e c t i o n  2b, (338 g r a y l i n g  p e r  m i l e )  
approximates  t h e  5-year average f o r  t h i s  S e c t i o n  (346 g r a y l i n g  p e r  
m i l e ) .  The s l i g h t  i n c r e a s e  i n  t h e  estimate f o r  S e c t i o n  8a  b r i n g s  t h e  
e s t i m a t e d  p o p u l a t i o n  s i z e  t o  n e a r  t h e  5-year average of 248 g r a y l i n g  p e r  
m i l e ,  and t h e  e s t i m a t e d  p o p u l a t i o n s  f o r  t h e  Dam S i t e  i s  down s l i g h t l y  
from t h e  5-year average  of 358 g r a y l i n g  p e r  m i l e .  Recapture  ra tes  on 
a l l  t h e s e  s e c t i o n s  were r e l a t i v e l y  h i g h  and t h e  r e s u l t a n t  95% conf idence  
i n t e r v a l s  were f a i r l y  narrow (Table  3 ) .  

I n  s e c t i o n s  10b and 12,  however, h igh  water hampered f i e l d  work, and 
r e c a p t u r e  ra tes  were so  low t h a t  estimates were v i r t u a l l y  u s e l e s s .  It 
appears  t h a t  a d d i t i o n a l  sampling days w i l l  b e  r e q u i r e d  t o  reduce t h e  
conf idence  i n t e r v a l s  f o r  t h e s e  two s e c t i o n s .  

Chatanika River :  

The estimate of 388 g r a y l i n g  p e r  m i l e  i n  t h e  Chatanika River  index  
s e c t i o n  i s  about  110 g r a y l i n g  p e r  m i l e  g r e a t e r  than  t h e  1982 e s t i m a t e  
and almost  t h e  same a s  t h e  1972 e s t i m a t e  (Tack 1973).  The r e c a p t u r e  
r a t e  was r e l a t i v e l y  h i g h ,  and t h e  conf idence  i n t e r v a l  r e l a t i v e l y  s m a l l .  

Index-Sampling Catch Rates 

Chena River :  

A s  i n  t h e  p r e v i o u s  2 ' y e a r s ,  c a t c h  rates d u r i n g  index sampling were n o t  a 
good i n d i c a t i o n  of p o p u l a t i o n  s i z e .  For example, i n  S e c t i o n  l o b ,  t h e  
p o p u l a t i o n  e s t i m a t e  was 1,400 g r a y l i n g  p e r  m i l e  i n  1982, w i t h  a c a t c h  
r a t e  of on ly  150 g r a y l i n g  p e r  days ,  w h i l e  i n  1984 t h e  e s t i m a t e d  
p o p u l a t i o n  w a s  n e a r l y  h a l f  t h a t  i n  1982, even though t h e  c a t c h  ra te  was 
g r e a t e r  (Table  3 ) .  

It a p p e a r s ,  t h e n ,  t h a t  c a t c h a b i l i t y ,  which can be a f f e c t e d  by numerous 
f a c t o r s  o t h e r  t h a n  p o p u l a t i o n  s i z e ,  i s  too v a r i a b l e  t o  make c a t c h  ra te  a 
r e l i a b l e  i n d i c a t o r  of p o p u l a t i o n  s i z e .  

Chatanika River :  

The c a t c h  ra te  of 8 3  g r a y l i n g  p e r  day i n  1984 i s  lower t h a n  t h e  c a t c h  
r a t e  of 118 g r a y l i n g  p e r  day i n  1982, w h i l e  t h e  per-mile  p o p u l a t i o n  
estimate was more t h a n  100 g r a y l i n g  p e r  m i l e  g r e a t e r  i n  1984 t h a n  i n  
1982. Again, t h i s  i n d i c a t e s  t h a t  c a t c h  rates are probably  n o t  r e l i a b l e  
as i n d i c a t o r s  of p o p u l a t i o n  s ize .  

Age and Length S t r u c t u r e  

Chena River :  

Age d e t e r m i n a t i o n s  w e r e  made from scales sampled from 436 g r a y l i n g  
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captured  d u r i n g  t h e  index sampling (Table  4 ) .  A s  p r e d i c t e d ,  t h e  Age-IV 
y e a r - c l a s s  was q u i t e  s t r o n g  (41.1% of t h e  t o t a l  p o p u l a t i o n ) .  This  i s  
w e l l  above t h e  p r e v i o u s  10-year average of 21.4%. On t h e  o t h e r  hand, 
t h e  normally s t r o n g  Age-I11 y e a r - c l a s s  was q u i t e  weak (12.4% of t h e  
t o t a l  populat ion)--wel l  below t h e  10-year average of 30.2%. These two 
y e a r - c l a s s e s  normally make up t h e  b u l k  of t h e  c a t c h a b l e - s i z e  f i s h  i n  t h e  
popula t ion  and a r e  t h u s  impor tan t  i n  moni tor ing  t h e  f i s h e r y .  

The Age-I1 y e a r - c l a s s  (7.3% of t h e  p o p u l a t i o n )  i s  a l s o  w e l l  below t h e  
10-year average of 21.7%. This  s u g g e s t s  t h a t  i n  1985 both  t h e  Age-I11 
and Age-IV c l a s s e s  w i l l  b e  q u i t e  weak. A combination of weak Age-I11 
and Age-IV classes could r e s u l t  i n  low p o p u l a t i o n  e s t i m a t e s  and reduced 
a n g l e r  c a t c h  r a t e s .  

Poor spawning s u c c e s s  o r  poor young-of-the-year s u r v i v a l  appear  t o  be 
t h e  major  d e t e r m i n a n t s  of y e a r - c l a s s  s t r e n g t h .  Once a g a i n ,  h i g h  
n e g a t i v e  c o r r e l a t i o n s  were found between numbers of g r a y l i n g  and t h e  
average  ra te  of d i s c h a r g e  d u r i n g  May, June and J u l y  of t h e i r  n a t a l  y e a r s  
( r  = -0.94; p < 0.95,  and r = 0.89,  p 5 0.95 f o r  Age-I11 and Age-IV 
g r a y l i n g ,  r e s p e c t i v e l y  (F ig .  2 ) .  S i g n i f i c a n t  c o r r e l a t i o n s  were a l s o  
found between CPUE of Age-I and Age-I1 g r a y l i n g  and water flow i n  t h e i r  
n a t a l  y e a r s  (r = -0.99 and -0.93 f o r  Age-I and Age-I1 g r a y l i n g ,  
r e s p e c t i v e l y )  ( F i g .  3) .  

The c o n s i s t e n t  n a t u r e  of t h e s e  c o r r e l a t i o n s  f o r  s e v e r a l  age-c lasses  over  
5 y e a r s  i n d i c a t e s  t h a t  h i g h  w a t e r  h a s  a v e r y  d r a s t i c  e f f e c t  on s u r v i v a l  
of weak-swimming young-of-the-year g r a y l i n g .  Knowledge of water f lows 
may be combined w i t h  young-of-the-year e s t i m a t e s ,  i n  t h e  f u t u r e ,  t o  
r e f i n e  r e c r u i t m e n t  e s t i m a t e s  and h e l p  e s t a b l i s h  s t o c k i n g  l e v e l s .  I n  a 
s i m i l a r  s t u d y ,  Crecco and Savoy (1984) found t h a t  mean water f low,  w a t e r  
t e m p e r a t u r e ,  and t o t a l  p r e c i p i t a t i o n  were a l l  s i g n i f i c a n t l y  c o r r e l a t e d  
w i t h  t h e  y e a r - c l a s s  s t r e n g t h  of American shad (Alosa sapdissima). On 
t h e  o t h e r  hand, t h e y  found no c o r r e l a t i o n  between spawning-stock s i z e  
and y e a r - c l a s s  s t r e n g t h .  

A l l  2,099 g r a y l i n g  c a p t u r e d  d u r i n g  t h e  index-area sampling were measured 
f o r  length-frequency a n a l y s e s  (Table  5 ) .  Length ranges  a r e  s i m i l a r  t o  
t h o s e  o b t a i n e d  i n  t h e  p a s t .  However, t h e  modal l e n g t h  ranges  have 
s h i f t e d  s l i g h t l y  upwards and r e p r e s e n t  t h e  s h i f t  of t h e  major y e a r - c l a s s  
from Age-I11 t o  Age-IV. 

A s  i n  t h e  p a s t ,  t h e  mean l e n g t h s  and p e r c e n t a g e  of mature  g r a y l i n g  
( g r e a t e r  t h a n  270 mm) t end  t o  i n c r e a s e  between S e c t i o n s  i n  an upstream 
d i r e c t i o n .  S e c t i o n  2b and 8a average only  0.4% mature f i s h .  The Dam 
S i t e  and S e c t i o n s  10b and 12 had 8.5%, 4.5% and 10.1% mature f i s h ,  
r e s p e c t i v e l y .  These v a l u e s  a l l  are less t h a n  t h o s e  i n  1983, as are t h e  
average  l e n g t h s  i n  a l l  S e c t i o n s  except  S e c t i o n s  2b and 12 (Table  6 ) .  
The c o n t i n u i n g  d e c l i n e  i n  t h e  numbers of o l d e r  and l a r g e r  f i s h  is  
probably caused by a n g l e r  h a r v e s t .  

The mean l e n g t h  of young-of-the-year g r a y l i n g  sampled d u r i n g  r e c r u i t  
index  s e i n i n g  w a s  51.0 mm, which i s  c o n s i d e r a b l y  less t h a n  t h e  mean 
l e n g t h  of young-of-the-year g r a y l i n g  i n  1983 (67.4 mm). T h i s  decreased  
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growth r a t e  i s  probably a t t r i b u t a b l e  t o  t h e  very  h i g h ,  muddy w a t e r  
o c c u r r i n g  i n  1984. The c o r r e l a t i o n  between young-of-the-year growth 
r a t e  and t u r b i d i t y  i s  important  i n  t h e  placer-mining i s s u e  and w i l l  be  
examined i n  f u t u r e  y e a r s .  

Chatanika River :  

The g e n e r a l  age s t r u c t u r e  of Chatanika River  g r a y l i n g  i s  v e r y  s i m i l a r  t o  
t h a t  of t h e  Chena River  (Table  7 ) .  A s  w i t h  t h e  Chena R i v e r ,  t h e  Age-IV 
c l a s s  was dominant,  and b o t h  t h e  Age-I1 and Age-I11 y e a r  classes were 
q u i t e  weak. Yearly f l u c t u a t i o n s  i n  water -d ischarge  r a t e s  a r e  q u i t e  
s i m i l a r  f o r  t h e s e  two r i v e r s  and probably  account  f o r  t h e  s i m i l a r i t y  i n  
age-c lass  s t r u c t u r e  between t h e  two r i v e r s .  

Mean l e n g t h s  of s p e c i f i c  age groups a r e  a l s o  similar between t h e  Chena 
and Chatanika Rivers .  The o v e r a l l  l e n g t h  s t r u c t u r e  of Chatanika 
g r a y l i n g  i s  most c l o s e l y  r e l a t e d  t o  t h e  D a m  S i t e  S e c t i o n  (Table  5 ) .  The 
p r o p o r t i o n  of spawning s i z e  a d u l t s  (3.3%) i n  t h e  Chatanika i s  s l i g h t l y  
h i g h e r  t h a n  i n  1982 (2 .3%) .  

S u r v i v a l  and M o r t a l i t y  

Chena River:  

By fo l lowing  t h e  d e c l i n e s  i n  t h e  number of i n d i v i d u a l s  i a yea -class 
from 1980-1984 ( c o h o r t  a n a l y s i s ) ,  estimates of s u r v i v a l  and m o r t a l i t y  
were o b t a i n e d .  A catch-curve p l o t  of l o g  number of g r a y l i n g  a t  age  
i n d i c a t e d  t h a t  Age-I11 g r a y l i n g  may n o t  be f u l l y  r e c r u i t e d  (F ig .  4 ) .  
T h e r e f o r e ,  m o r t a l i t y  and s u r v i v a l  e s t i m a t e s  were made only  f o r  Age-IV 
and o l d e r  f i s h .  The s l o p e  of t h e  l e a s t - s q u a r e  r e g r e s s i o n  of c a t c h  curve  
f o r  s p e c i f i c  c o h o r t s  ( n a t a l  y e a r s  1974-1979) provided r e l a t i v e l y  
c o n s i s t e n t  estimates of t o t a l  s u r v i v a l  ranging  from 0.40 t o  0.58 (Table  
8 ) .  Catch-curve estimates of s u r v i v a l  u s i n g  age-c lass  s t r u c t u r e  w i t h i n  
a s p e c i f i c  y e a r  ranged from 0.28 t o  0.59. The means of b o t h  e s t i m a t i n g  
t e c h n i q u e s  were v e r y  s i m i l a r :  0.48 and 0.47, r e s p e c t i v e l y .  The average  
annual  s u r v i v a l  of 0.48 and cor responding  annual  m o r t a l i t y  of 0.52 w i l l  
b e  used f o r  f u r t h e r  c a l c u l a t i o n s .  These v a l u e s  r e p r e s e n t  an  i n c r e a s e  i n  
e s t i m a t e d  s u r v i v a l  over  p a s t  y e a r s .  T h i s  increase i s  a t t r i b u t a b l e  t o  
t h e  u s e  of t h e  l e a s t - s q u a r e s  e s t i m a t i n g  t e c h n i q u e ,  r a t h e r  t h a n  r a t i o  
methods, which were used i n  t h e  p a s t .  

Chatanika River:  

Because a g e - s t r u c t u r e  d a t a  f o r  several  c o n s e c u t i v e  y e a r s  are n o t  
a v a i l a b l e  on t h e  Chatanika River, c o h o r t - s p e c i f i c  estimates of s u r v i v a l  
and m o r t a l i t y  are n o t  p o s s i b l e .  A l e a s t - s q u a r e s  f i t  of t h e  descending 
l imb of t h e  c a t c h  c u r v e  of age  composi t ion i n  one y e a r  produced a 
s u r v i v a l  est'imate f o r  1984 of 0.41. I n  1982 t h e  t o t a l  annual  s u r v i v a l  
estimate by t h i s  method was 0.45, 
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These v a l u e s  a r e  somewhat lower t h a n  t h o s e  o b t a i n e d  f o r  t h e  Chena River .  
Es t imates  o b t a i n e d  by t h i s  method are so  v a r i a b l e ,  however, t h a t  they  
should  be regarded only  a s  g e n e r a l  i n d i c e s  of s u r v i v a l .  A s  more y e a r l y  
a g e - s t r u c t u r e  i n f o r m a t i o n  becomes a v a i l a b l e ,  t h e s e  estimates of s u r v i v a l  
and m o r t a l i t y  should  b e  r e f i n e d  u s i n g  cohor t  a n a l y s i s .  

F i s h i n g  M o r t a l i t y  

Chena River:  

The p r o p o r t i o n  of t h e  t o t a l  m o r t a l i t y  due t o  f i s h i n g  was c a l c u l a t e d  f o r  
1984 and r e c a l c u l a t e d  f o r  1983 u s i n g  c o n s i s t e n t  m o r t a l i t y ,  p o p u l a t i o n  
i n f o r m a t i o n  and h a r v e s t  estimates (Table  9 ) .  

I n  1984, t h e r e  were an  e s t i m a t e d  77,782 g r a y l i n g  i n  t h e  lower 108 m i  of 
t h e  Chena River .  With an annual  m o r t a l i t y  of 52%, an e s t i m a t e d  40,446 
g r a y l i n g  d i e d  i n  t h e  Chena River  i n  1984. From t h e  c ree l  census ,  an  
es t imated h a r v e s t  f o r  t h e  t o t a l  r i v e r  of 15,765 g r a y l i n g  was o b t a i n e d .  
Thus, about  39% of t h e  t o t a l  m o r t a l i t y  w a s  caused by a n g l e r  h a r v e s t .  
The e s t i m a t e d  ra te  of f i s h i n g  m o r t a l i t y  ( e x p l o i t a t i o n  r a t e )  f o r  1984 
w a s  20.3%, and t h e  e s t i m a t e d  ra te  of n a t u r a l  m o r t a l i t y  w a s  31.7%. 

The 1983 estimate of f i s h i n g  m o r t a l i t y  was s c a l e d  downward c o n s i d e r a b l y  
t o  24.0%. T h i s  lower estimate r e s u l t e d  from h i g h e r  t o t a l - r i v e r -
p o p u l a t i o n  estimates and a lower t o t a l - m o r t a l i t y  e s t i m a t e .  The 1983 and 
1984 f i s h i n g - m o r t a l i t y  e s t i m a t e s  are r e l a t i v e l y  c o n s i s t e n t  and seem t o  
i n d i c a t e  an  average  a n n u a l - e x p l o i t a t i o n  ra te  of 20-25% on t h e  Chena 
River .  Because of t h e  assumptions involved i n  t h e s e  estimates t h e y  
should be cons idered  o n l y  a s  r e l a t i v e  v a l u e s .  

Recrui tment  

Chena River 

The Chena River  f i s h e r y  i s  h e a v i l y  dependent upon t h e  Age-I11 and Age-IV 
y e a r - c l a s s e s .  Because low r e c r u i t m e n t  t o  e i t h e r  of t h e s e  y e a r - c l a s s e s  
can have a major  e f f e c t  on p o p u l a t i o n  s t r u c t u r e  and t h e  f i s h e r y ,  t h r e e  
methods of indexing  r e c r u i t m e n t  were developed i n  1983. 

The f i r s t  method, p o p u l a t i o n  estimates of 100-149 mm long  f i s h ,  proved 
u n r e l i a b l e  because r e c a p t u r e  rates were v e r y  low. I n  1984, on ly  two 
f i s h  were r e c a p t u r e d  i n  t h e  f i v e  index  s e c t i o n s ,  and mark-recapture  
p o p u l a t i o n  estimates were imposs ib le  t o  make. With i n c r e a s e d  sampling 
e f f o r t  i n  f u t u r e  y e a r s ,  t h e s e  estimates may be f e a s i b l e ,  b u t  i t  appears  
t h a t ,  w i t h  t h e  p r e s e n t  sampling e f f o r t ,  p o p u l a t i o n  estimates of 
100-149 mm FL g r a y l i n g  should  n o t  be cont inued .  

The second index of r e c r u i t m e n t  involved  de termining  t h e  index  sampling 
CPUE of Age-I and Age-I1 g r a y l i n g  u s i n g  length-frequency a n a l y s i s .  T h i s  
a n a l y s i s  i n d i c a t e s  a v e r y  s t r o n g  Age-I class and a weak Age-I1 c lass  
(Table  10) .  A s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  ( r  = -0.97, p < 0.05) 

w a s  found between t h e  c a t c h  rate of Age-I f i s h  and t h e  c a t c h  rate of 
Age-I1 f i s h  i n  t h e  f o l l o w i n g  y e a r  (F ig .  5a) .  The s l o p e  of t h e  
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r e g r e s s i o n  was s i g n i f i c a n t  (F = 48.9, P < 0.05).  From t h i s  r e g r e s s i o n  a 
p r e d i c t e d  CPUE of 50.9 Age-I1 g r a y l i n g  p e r  day i s  o b t a i n e d  f o r  1985. 
T h i s  i s  w e l l  above t h e  p r e v i o u s  5-year mean CPUE of 26 g r a y l i n g  p e r  day. 
The 90% conf idence  i n t e r v a l  about  t h i s  estimate i s  2 13.3 g r a y l i n g  p e r  
day. 

The c o r r e l a t i o n  between t h e  CPUE of Age-I1 g r a y l i n g  and t h e  e s t i m a t e d  
number of Age-111 g r a y l i n g  p e r  m i l e  i n  t h e  fo l lowing  y e a r  w a s  a l s o  
s i g n i f i c a n t  ( r  = 0.92, p < 0.08) (F ig .  5 b ) .  The s l o p e  of t h e  r e g r e s s i o n  
was s i g n i f i c a n t  ( F  = 16.5, p < 0.05) ,  and t h e  r e g r e s s i o n  p r e d i c t s  an 
e s t i m a t e d  35.3 Age-I11 f i s h  p e r  m i l e  i n  1985 w i t h  a 90% conf idence  
i n t e r v a l s  of 2 117.1  f i s h  p e r  m i l e .  Although t h i s  estimate i s  n o t  
p r e c i s e  (because y e a r - c l a s s  s i z e  i s  small ) t h e  v a l u e  of 35.3 f i s h  p e r  
m i l e  i s  much lower t h a n  t h e  p r e v i o u s  5-year mean of 166 Age-I11 g r a y l i n g  
p e r  m i l e .  Thus, low numbers a r e  p r e d i c t e d  i n  1985 f o r  b o t h  t h e  Age-I11 
and Age-IV classes. Because t h e s e  two groups make up t h e  b u l k  of t h e  
p o p u l a t i o n ,  t o t a l  p o p u l a t i o n  s i z e s  may be q u i t e  low and t h e  f i s h e r y  may 
b e  q u i t e  poor i n  1985. 

The t h i r d  r e c r u i t m e n t  index  e v a l u a t e d  t h e  s t r e n g t h  of t h e  young-of-the- 
y e a r  age-c lass  u s i n g  t h e  c a t c h  ra te  o b t a i n e d  from s e i n e  h a u l s  i n  t h e  
upper ,  middle ,  and lower Chena River .  I n  1983, a mean c a t c h  ra te  of 
30.5 g r a y l i n g  p e r  100 f t  of s e i n e  h a u l  r e s u l t e d  i n  a h i g h  1984 index  of 
Age-I g r a y l i n g .  I n  1984, t h e  c a t c h  ra te  w a s  1.7 g r a y l i n g  p e r  100 f t  of 
s e i n i n g  on t h e  lower r i v e r ,  0.04 g r a y l i n g  p e r  100 f t  of s e i n i n g  on t h e  
middle  r i v e r ,  and 0 g r a y l i n g  p e r  100 f t  of s e i n i n g  on t h e  upper r i v e r ,  
f o r  a mean of 0.58 g r a y l i n g  p e r  100 f t  of s e i n i n g .  Obviously,  t h i s  i s  a 
d r a s t i c  r e d u c t i o n  from 1983 ( t  = 4.3,  p < O . O O l ) ,  and a v e r y  poor 1985 
Age-I c l a s s  i s  p r e d i c t e d .  T h i s  low r e c r u i t m e n t  i s  probably c o r r e l a t e d  
w i t h  t h e  extremely h i g h  water c o n d i t i o n s  encountered i n  1984. 

Chatanika River :  

A s  w i t h  t h e  Chena R i v e r ,  no p o p u l a t i o n  estimate of g r a y l i n g  100-149 mm 
i n  l e n g t h  was made because r e c a p t u r e  rates were low. Se ine  h a u l s  f o r  
young-of-the-year g r a y l i n g  r e s u l t e d  i n  a c a t c h  r a t e  of 0 g r a y l i n g  p e r  
100 f t  of s e i n i n g .  

The CPUE from t h e  index  sampling w a s  23 Age-I g r a y l i n g  p e r  day and 3.7 
Age-I1 g r a y l i n g  p e r  day. A s  w i t h  t h e  Chena R i v e r ,  t h e s e  r e c r u i t m e n t  
estimates i n d i c a t e  a small young-of-the-year c l a s s ,  a l a r g e  Age-I c lass ,  
and a small Age-I1 class.  Again, t h e  y e a r - c l a s s  s t r e n g t h  i s  probably 
r e l a t e d  t o  high-water.  

Harvest  S t u d i e s  

Upper Chena River :  

R e s u l t s  of t h e  132-day creel  census  (May 6-September 15) appear  i n  Table  
11. During t h i s  p e r i o d ,  a c a l c u l a t e d  17,090 a n g l e r  h o u r s  were expended 
t o  h a r v e s t  9,623 g r a y l i n g  from t h e  upper  Chena River  above Mile 26 of 
t h e  Hot S p r i n g s  Road. The e s t i m a t e d  c a t c h  r a t e  w a s  0.59 g r a y l i n g  caught  
and k e p t  p e r  a n g l e r  hour .  With c a t c h  and release f i s h i n g  i n c l u d e d ,  t h e  
CPUE was 0.81 g r a y l i n g  p e r  hour.  
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Use l e v e l s  and c a t c h  rates were s i m i l a r  t o  p r e v i o u s  e s t i m a t e s .  Flooding 
d u r i n g  much of Ju ly , ,  however, r e s u l t e d  i n  a v e r y  low c a t c h  r a t e  of 0.25 
g r a y l i n g  p e r  hour f o r  t h a t  month. I n  May, b o t h  e f f o r t  and 
CPUE were n o t  a s  h i g h  as i n  t h e  p a s t .  Again, poor weather  and h i g h  
w a t e r  were t h e  c a u s e s ,  

A s  i n  t h e  p a s t ,  d u r i n g  every  c ree l  census ,  t h e  weather  was r a t e d  from 1 
t o  4 ,  where 1 = v e r y  good weather ,  and 4 = v e r y  poor weather  (Table  11) .  
The r e l a t i o n s h i p  between h a r v e s t ,  c a t c h  r a t e ,  and t h e  weather  r a t i n g  i s  
q u i t e  c l e a r .  The months w i t h  t h e  b e s t  weather  r a t i n g ,  August and 
September, had t h e  h i g h e s t  average  c a t c h  r a t e s ,  w h i l e  May and J u l y ,  w i t h  
t h e  p o o r e s t  weather  r a t i n g ,  had t h e  lowest  c a t c h  r a t e s  and h a r v e s t .  

A summary of upper Chena River  c ree l -census  r e s u l t s  s i n c e  1970 appears  
i n  Table  1 2 .  S ince  1980, t h e  months of May and September have been 
inc luded  i n  t h e  c ree l  census .  The 1984 t o t a l  of 17,090 a n g l e r  hours  i s  
about 2,000 a n g l e r  hours  lower t h a n  t h e  average  e f f o r t  s i n c e  1980. One 
p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  r e d u c t i o n  i s  t h e  opening of t h e  Chena 
Lakes Recrea t ion  Area, which accounted f o r  an a d d i t i o n a l  13,000 a n g l e r  
h o u r s  of f i s h i n g  i n  t h e  Fa i rbanks  a r e a .  

For  comparison w i t h  y e a r s  b e f o r e  t o  1980, c ree l -census  r e s u l t s  from June 
1 through August 31 were c a l c u l a t e d  (Fig.  6 ) .  The t o t a l  number of 
a n g l e r  h o u r s  f o r  t h i s  p e r i o d  was 11,975 h o u r s ,  which i s  below t h e  
p r e v i o u s  9-year mean of 13,511 hours .  The h a r v e s t ,  7,009 g r a y l i n g ,  and 
t h e  c a t c h  r a t e ,  0.59 g r a y l i n g  p e r  h o u r ,  are both  g r e a t e r  t h a n  t h e  v e r y  
low h a r v e s t  and c a t c h  ra te  i n  1983; however, b o t h  estimates a r e  less 
t h a n  t h e  p r e v i o u s  9-year mean of 8 ,668 a n g l e r  h o u r s  and 0.63 g r a y l i n g  
p e r  hour .  

The mean s i z e  of g r a y l i n g  h a r v e s t e d  i n  t h e  f i s h e r y  w a s  278 mm. The 
complete absence of t h e  small Age-111 c l a s s  i n  t h e  c r e e l ,  i n  comhinat ion 
w i t h  r e l a t i v e l y  l a r g e  c o n t r i b u t i o n s  by t h e  o l d e r  age groups ,  accounts  
f o r  t h i s  v e r y  l a r g e  mean s i z e  (Table  13) .  A s  i n  t h e  p a s t ,  t h e  e a r l y -
season  c a t c h  was composed of a l a r g e  p r o p o r t i o n  of spawning-size f i s h .  
The low c a t c h  ra te  i n  May, due t o  h igh  water, reduced t h e  numbers of 
a d u l t  f i s h  h a r v e s t e d .  Continued i n t e n s i v e  moni tor ing  of t h i s  e a r l y -
season  f i s h e r y  i s  recommended t o  e n s u r e  p r o t e c t i o n  of spawning s t o c k s .  

Badger Slough: 

Spot-check a n g l e r  i n t e r v i e w s  w e r e  conducted on Badger Slough from A p r i l  
20 t o  May 31, 1984. The average c a t c h  r a t e  w a s  1.0 g r a y l i n g  caught  and 
k e p t  p e r  a n g l e r  hour .  With catch-and-release f i s h i n g  inc luded  , t h e  
c a t c h  r a t e  was 1.24 g r a y l i n g  p e r  hour .  T h i s  c a t c h  ra te  w a s  twice t h a t  
of t h e  Chena River  f o r  t h e  same t i m e  p e r i o d .  The h i g h e r  c a t c h  r a t e  f o r  
Badger Slough w a s  p o s s i b l y  caused by s t a b l e  water c o n d i t i o n s  p r e s e n t  i n  
t h i s  spr ing- fed  t r i b u t a r y .  

A t o t a l  of 114 angler-caught  g r a y l i n g  w e r e  measured and scale sampled 
f o r  ag ing  (Table  1 4 ) .  The mean f o r k  l e n g t h  of g r a y l i n g  caught  w a s  257.8 
mm. This  i s  s l i g h t l y  lower t h a n  t h e  mean s i z e  f o r  angler-caught  
g r a y l i n g  on t h e  upper  Chena River .  A s  w i t h  t h e  Chena River ,  t h e  Age-IV- 
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V I I  classes were a l l  w e l l  r e p r e s e n t e d  i n  t h e  c a t c h .  About 37% of t h e  
h a r v e s t  inc luded  f i s h  of spawning s i z e  ( g r e a t e r  t h a n  270 mm).  I n  an 
average y e a r ,  t h i s  would r e p r e s e n t  a h a r v e s t  of about  1,700 spawning 
a d u l t s .  T h i s  i s  a s i g n i f i c a n t  h a r v e s t  of spawning a d u l t s ,  which should  
b e  monitored i n  t h e  f u t u r e .  

Chena River  Stock Enhancement 

Need f o r  Enhancement: 

With an e x p l o i t a t i o n  r a t e  of n e a r l y  25% and a h i g h  t o t a l  m o r t a l i t y  
(52%),  t h e  Chena River  g r a y l i n g  f i s h e r y  i s  dependent upon s t r o n g  
r e c r u i t m e n t  t o  t h e  Age-I11 and Age-IV y e a r - c l a s s e s .  Low spawning 
s u c c e s s  o r  low j u v e n i l e  s u r v i v a l  can r e s u l t  i n  weak y e a r - c l a s s e s .  
Because r e c r u i t m e n t  estimates can a p p a r e n t l y  be used t o  p r e d i c t  upcoming 
y e a r - c l a s s  s t r e n g t h ,  weak y e a r - c l a s s e s  could be s t r e n g t h e n e d  and t h e  
f i s h e r y  improved by s t o c k i n g .  Two enhancement t e c h n i q u e s  were employed 
i n  1984. 

Enhancement Methods: 

The f i r s t  enhancement technique  used small w i n t e r - k i l l  ponds (ponds t h a t  
f r e e z e  completely d u r i n g  w i n t e r )  as summer r e a r i n g  a r e a s  f o r  j u v e n i l e  
g r a y l i n g .  The j u v e n i l e s  were t h e n  s tocked  i n  t h e  open-r iver  system. 
T h i s  technique  h a s  been used s u c c e s s f u l l y  f o r  t h e  D e l t a  Clearwater  
River :  Age-I pond-reared g r a y l i n g  grew almost  t o  t h e  s i z e  of Age-I1 w i l d  
f i s h  (Ridder ,  1980).  

I n  1984, f o u r  g r a v e l  p i t s  n e a r  t h e  Chena Hot Spr ings  Road were 
e x p e r i m e n t a l l y  s tocked  w i t h  v a r i o u s  numbers of g r a y l i n g  sac f r y  (Table  
15) .  Growth r a t e s  of f i s h  i n  t h r e e  of t h e s e  p i t s  ( l o c a t e d  a t  Miles 
32.9,  33.3 and 38.8) were q u i t e  h igh .  The mean s i z e  of t h e s e  
young-of-the-year g r a y l i n g  (135 mm) i s  w e l l  above t h e  mean s i z e  of Age-I 
Chena River  w i l d  g r a y l i n g  (97 mm).  Growth rates i n  t h e  f o u r t h  p i t  
(mi le  45.6 ) were n o t  determined because f l o o d i n g  occurred  and most of 
t h e  s tocked  f i s h  escaped.  

The a c c e l e r a t e d  growth rate of t h e s e  pond-reared f i s h  is  needed t o  
supplement poor r e c r u i t m e n t  from t h e  weak y e a r - c l a s s .  I n  o r d e r  t o  
p r o v i d e  a n o t i c e a b l e  improvement i n  a weak y e a r - c l a s s ,  however, much 
h i g h e r  pond-stocking l e v e l s  w i l l  b e  needed. I n  1985, t h e  p i t s  a t  Miles 
32.9,  33.3 and 38.8 w i l l  b e  r e s t o c k e d  a t  h i g h e r  d e n s i t i e s  t o  supplement 
t h e  low n a t u r a l  r e c r u i t m e n t  t o  t h e  Chena River  1984 y e a r - c l a s s .  I n  
a d d i t i o n ,  a n o t h e r  p i t  a t  M i l e  43.7 w i l l  b e  s tocked  f o r  growth 
e v a l u a t i o n .  

I n  t h e  second enhancement technique ,  h a t c h e r y  r e a r e d  of g r a y l i n g  w e r e  
s tocked  i n  t h e  Chena River. About 92,000 ha tchery- reared  f i s h  (mean FL, 
60.4 mm) were s tocked  i n t o  t h e  Chena River  i n  l a t e  August 1984. These 
h a t c h e r y  f i s h  were s imilar  i n  s i z e  t o  t h e  w i l d  young-of-the-year f i s h ,  
and i t  was d i f f i c u l t  t o  s e p a r a t e  t h e  two groups.  In  t h e  f u t u r e ,  
h a t c h e r y  s t o c k i n g  w i l l  be  employed only  i f  f i s h  can be grown t o  more 
t h a n  90 mm. These f i s h  would b e  s imilar  i n  s i z e  t o  Age-I w i l d  f i s h .  
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T h e r e f o r e ,  a s  w i t h  pond-rear ing,  t h e s e  f i s h  could be s tocked  t h e  y e a r  
f o l l o w i n g  poor n a t u r a l  r e c r u i t m e n t  t o  t h e  young-of-the-year age-c lass .  
Even though t h e y  would be a y e a r  younger,  t h e  s i z e  of ' the  enhancement 
f i s h  would be s i m i l a r  t o  t h a t  of t h e  Age-I w i l d  f i s h .  

Stock S e p a r a t i o n :  

Discr iminant  Funct ion  Analys is .  Average l e n g t h  of t h e  pond-reared f i s h  
w a s  much g r e a t e r  t h a n  t h a t  of  any of t h e  o t h e r  t h r e e  groups (Table  1 5 ) .  
Other  scale v a r i a b l e s  r e l a t e d  t o  l e n g t h  (number of c i r c u l i  and t o t a l  
s c a l e  d i s t a n c e )  were a l s o  much g r e a t e r  f o r  t h e  pond-reared f i s h .  Badger 
Slough f i s h  were i n t e r m e d i a t e  i n  l e n g t h  and l e n g t h - r e l a t e d  s c a l e  
v a r i a b l e s ,  w h i l e  t h e  h a t c h e r y  and w i l d  Chena groups had t h e  smallest 
f i s h  and were q u i t e  s imilar  t o  each o t h e r  i n  t h e  l e n g t h - r e l a t e d  
v a r i a b l e s  (Table  16) .  These l e n g t h - r e l a t e d  v a r i a b l e s  i n d i c a t e  t h a t  
Badger Slough and pond-reared f i s h  could b e  e a s i l y  s e p a r a t e d  from t h e  
h a t c h e r y  and w i l d  Chena groups ,  bu t  t h a t  t h e  h a t c h e r y  and w i l d  Chena 
groups would be d i f f i c u l t  t o  s e p a r a t e  from each o t h e r .  

The u s e  of t h e s e  l e n g t h - r e l a t e d  v a r i a b l e s  i n  d i s c r i m i n a n t  a n a l y s i s  i s  
n o t ,  however, s t r i c t l y  j u s t i f i a b l e  s i n c e  t h e  aim of t h i s  p r o c e s s  i s  t o  
s e p a r a t e  s t o c k s  i n  f u t u r e  y e a r s  based upon t h e i r  growth i n  t h e  f i r s t  
y e a r .  U n f o r t u n a t e l y ,  t h e s e  f i s h  were sampled i n  l a t e  August and e a r l y  
September, p r i o r  t o  t h e  complet ion of growth d u r i n g  t h e i r  f i r s t  summer. 
T h e r e f o r e ,  any a d d i t i o n a l  growth exper ienced  by t h e  g e n e r a l  p o p u l a t i o n  
a f t e r  t h e  t i m e  of sampling would n o t  be r e f l e c t e d  i n  t h e  c l a s s i f i c a t i o n  
f u n c t i o n .  However, Walker (1983) noted  t h a t  young-of-the-year g r a y l i n g  
growth rates approached z e r o  i n  September,  and h e  concluded t h a t  
a d d i t i o n a l  c i r c u l i  format ion  p r i o r  t o  annulus  format ion  w a s  n o t  
probable .  T h e r e f o r e ,  scale a n a l y s i s  w a s  performed both  w i t h  l e n g t h -
r e l a t e d  scale v a r i a b l e s  and w i t h o u t  t h e s e  v a r i a b l e s .  

With a l l  l e n g t h - r e l a t e d  v a r i a b l e s  inc luded  i n  t h e  a n a l y s i s ,  t h r e e  
v a r i a b l e s  (number of c i r c u l i ,  t o t a l  d i s t a n c e ,  and d i s t a n c e  between t h e  
f o c u s  and t h e  t h i r d  c i r c u l i )  were s e l e c t e d  as s i g n i f i c a n t .  The LDF 
c l a s s i f i c a t i o n  f u n c t i o n s  f o r  t h e  f o u r  groups are 

S(H) = -52.5 + 10.33(No.circ)  + 0.91(F3)-0.29(Total  d i s t a n c e )  
S(C) = -48.6 + 9.57(No.circ)  + 0.93(F3)-0.31(Total  d i s t a n c e )  
S(B) = -82.38 + 13.00(No.circ) + 1.01(F3)-0.28(Total  d i s t a n c e )  
S ( P )  = -176.58 + 17.37(No.circ)  + 0.73(F3)-0.05(Total  d i s t a n c e )  

where 5 is  t h e  c l a s s i f i c a t i o n  s c o r e  of (H) h a t c h e r y ,  (C) Chena, (B)
Badger Slough and (P) pond-reared g r a y l i n g .  Using t h e s e  
c l a s s i f i c a t i o n s ,  p o s t e r i o r  p r o b a b i l i t i e s  of membership were q u i t e  
a c c u r a t e  f o r  Chena, Badger, and Pond g r a y l i n g  (Table  17) .  However, o n l y  
47.1% of t h e  h a t c h e r y  g r a y l i n g  were c o r r e c t l y  c l a s s i f i e d ;  t h e  m a j o r i t y  
of t h e  m i s c l a s s i f i e d  f i s h  were a s s i g n e d  t o  t h e  Chena group. These 
i n c o r r e c t  c l a s s i f i c a t i o n s  were caused by t h e  s i m i l a r i t y  i n  s i z e  and 
scale c h a r a c t e r i s t i c s  between t h e  Chena and h a t c h e r y  f i s h ,  as w e l l  as 
t h e  g r e a t e r  v a r i a b i l i t y  of s i z e - r e l a t e d  f a c t o r s  a s s o c i a t e d  w i t h  t h e  
h a t c h e r y  f i s h  (Table  16) .  The h a t c h e r y  f i s h  had a bimodal l e n g t h  
d i s t r i b u t i o n  and consequent ly ,  g r e a t e r  v a r i a b i l i t y .  Excluding t h e  
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h a t c h e r y  group from t h e  a n a l y s i s  r e s u l t e d  i n  99% of t h e  cases be ing  
c o r r e c t l y  c l a s s i f i e d  i n t o  t h e  Chena, Badger and Pond groups (Table  1 7 ) .  
Thus, wi thout  h a t c h e r y  s t o c k i n g ,  t h e  1984 scale a n a l y s i s  w i t h  l e n g t h  
v a r i a b l e s  inc luded  would have been v e r y  u s e f u l  i n  s t o c k  i d e n t i f i c a t i o n .  

S c a l e  v a r i a b l e s  n o t  r e l a t e d  t o  l e n g t h  of f i s h  inc luded  spac ing  of each 
c i r c u l u s  between t h e  f o c u s  and t h e  f o u r t h  c i r c u l u s ,  as w e l l  as  combined 
d i s t a n c e s  from t h e  f o c u s  t o  t h e  second,  t h i r d  and f o u r t h  c i r c u l i .  
Spacing of c i r c u l i  between t h e  f o c u s  and t h e  f o u r t h  c i r c u l u s  was q u i t e  
s i m i l a r  f o r  t h e  slower-growing groups (Wild Chena and Hatchery)  
(Table  1 6 ) .  Mean c i r c u l i  s p a c i n g s  were l a r g e r  f o r  t h e  Badger and 
pond-reared g r a y l i n g  than  f o r  t h e  o t h e r  groups,  but  were q u i t e  similar 
t o  each o t h e r .  These v a r i a b l e s  i n d i c a t e d  t h a t  s e p a r a t i o n  of Chena and 
Hatchery g r a y l i n g  from Badger and Pond f i s h  would be p o s s i b l e ,  bu t  t h a t  
c l a s s i f i c a t i o n  of a l l  f o u r  groups w a s  n o t .  

With a l l  t h e  l e n g t h - r e l a t e d  v a r i a b l e s  exc luded ,  t h e  d i s c r i m i n a n t  
a n a l y s i s  w a s  n o t  s u c c e s s f u l  i n  s t o c k  i d e n t i f i c a t i o n .  The d i s t a n c e  
between t h e  f o c u s  and t h e  second c i r c u l u s  w a s  t h e  only  s i g n i f i c a n t  
v a r i a b l e .  The LDF c l a s s i f i - c a t i o n  f u n c t i o n s  f o r  t h e  f o u r  groups are 

S(H) = -15.27 + 0.40 (F2) 
S(C) = -16.19 + 0.42 (F2) 
S(B) = -21.78 + 0 .49  (F2) 
S(P) = -21.24 + 0.48 (F2) .  

I f  t h e s e  d i s c r i m i n a n t  f u n c t i o n s  are used ,  on ly  37% of t h e  f i s h  were 
c l a s s i f i e d  i n t o  t h e  proper  group (Table  1 7 ) .  It  i s  then  apparent  t h a t ,  
w i t h o u t  t h e  i n c l u s i o n  of t h e  l e n g t h - r e l a t e d  v a r i a b l e s ,  LDF a n a l y s i s  w i l l  
n o t  b e  u s e f u l  f o r  s e p a r a t i o n  of t h e s e  f o u r  groups.  

This  i s  n o t  t o  s a y ,  however, t h a t  d i s c r i m i n a n t  a n a l y s i s  based only  on 
scale v a r i a b l e  n o t  r e l a t e d  t o  l e n g t h  i s  n o t  a p p l i c a b l e  i n  o t h e r  g r a y l i n g  
s t o c k - s e p a r a t i o n  s i t u a t i o n s .  Walker (1983)  had some s u c c e s s  w i t h  LDF 
c l a s s i f i c a t i o n s  of g r a y l i n g  i n  Badger Slough and lower Chena River  
and R i d d e r  (1982) had c l a s s i f i c a t i o n  accuracy ranging  from 55% t o  74% i n  
d i s c r i m i n a n t  a n a l y s i s  of a d u l t  g r a y l i n g  from t h r e e  s e p a r a t e  streams. By 
combining t h e  two slow-growing groups (Hatchery and Chena) and t h e  two 
fast-growing groups (Badger and Pond), w e  o b t a i n e d  LDF c l a s s i f i c a t i o n  
a c c u r a c i e s  of n e a r  70%. Again, t h i s  i n d i c a t e s  t h a t  d i s c r i m i n a n t  
a n a l y s i s  many b e  a p p l i c a b l e  i n  some g r a y l i n g  s t o c k  i d e n t i f i c a t i o n  
s i t u a t i o n s  where growth f a c t o r s  between t h e  groups are l a r g e r  enough t o  
produce s i g n i f i c a n t  s c a l e - p a t t e r n  d i f f e r e n c e s .  

C i r c u l i  Counts. C i r c u l i  f r e q u e n c i e s  of t h e  w i l d  Chena g r a y l i n g  and 
g r a y l i n g  r e a r e d  i n  Clear Hatchery are q u i t e  s i m i l a r  (F ig .  7 ) .  Badger 
Slough g r a y l i n g  have i n t e r m e d i a t e  c i r c u l i  c o u n t s  and t h e  pond-reared 
f i s h  have much h i g h e r  counts .  

Because no o v e r l a p  of c i r c u l i  c o u n t s  o c c u r s ,  s e p a r a t i o n  of pond-reared 
f i s h  from t h e  o t h e r  t h r e e  s t o c k s  could b e  p o s s i b l e  based s o l e l y  on 
c i r c u l i  c o u n t s  (F ig .  7 ) .  Ridder  (1989-1984) h a s  used t h i s  t e c h n i q u e  f o r  
s t o c k  s e p a r a t i o n  of Delta Clearwater g r a y l i n g  t h a t  were pond r e a r e d .  
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Table  1 7 .  	 L i n e a r  Discr iminant  Funct ion  c l a s s i f i c a t i o n  m a t r i x  of 
young-of-the-year Arct ic  g r a y l i n g ,  1984.  

Percent  Number of Cases C l a s s i f i e d  i n t o  Groups 
Group C o r r e c t  Hatchery Chena Badger Pond 


ALL VARIABLES INCLUDED I N  ANALYSIS 


Hatchery 47.1  48 43 11 0 
Chena 8 6 . 1  10 62 0 0 
Badger 96.2 3 0 75 0 
Pond 100.0 0 0 0 167 

Mean p e r c e n t  c o r r e c t  = 84.0 .  

HATCHERY GROUP EXCLUDED 

Chena 97.2 ... 70 2 0 
Badger 100.0 ... 0 78 0 
Pond 99.4 ... 0 1 166 

ONLY VARIABLES NOT RELATED TO LENGTH INCLUDED I N  ANALYSIS 

Hatchery 53.9 55 1 1  1 1  25 
Chena 27.8 29 20 9 14  
Badger 46.2 1 1  10 36 21 
Pond 26.3 36 20 67 44 

Mean p e r c e n t  c o r r e c t  = 37.0.  



Based on t h i s  s t u d y ,  i n  f u t u r e  y e a r s  any g r a y l i n g  w i t h  more than  11 
c i r c u l i  between t h e  f o c u s  and t h e  f i r s t  annulus  w i l l  be i d e n t i f i e d  as a 
pond- r e a r e d ,  enhancement g r a y l i n g .  T h i s  technique  does n o t  t a k e  i n t o  
c o n s i d e r a t i o n  a d d i t i o n a l  c i r c u l i  format ion  a f t e r  t h e  t i m e  of sampling,  
b u t ,  i n  t h e  case of t h e  pond-reared f i s h ,  t h e  s e p a r a t i o n  i s  s o  g r e a t  
t h a t  a d d i t i o n a l  growth should create l i t t l e  o v e r l a p  i n  c i r c u l i  counts .  

Walker (1983) demonstrated t h a t  young-of-the-year g r a y l i n g  from Badger 
Slough were c o n s i s t e n t l y  l a r g e r  t h a n  t h o s e  from t h e  main Chena River  
s t o c k s .  Based on back-ca lcu la ted  s i z e s  a t  Age-I, he concluded t h a t  
Badger Slough provided s i g n i f i c a n t  r e c r u i t m e n t  t o  t h e  Chena River .  T h i s  
l a r g e r  s i z e  of  Badger Slough f i s h  i s  r e f l e c t e d  i n  c i r c u l i  c o u n t s  t o  t h e  
f i r s t  annulus  (F ig .  7 ) .  U n f o r t u n a t e l y ,  c o n s i d e r a b l e  o v e r l a p  e x i s t s  w i t h  
c i r c u l i  c o u n t s  of lower Chena River f i s h .  These o v e r l a p s  could b e  
f u r t h e r  ccmpl ica ted  by i n c r e a s e d  growth and c i r c u l i  format ion  i n  t h e  
e a r l y  f a l l .  

To tes t  t h e  h y p o t h e s i s  t h a t  a d d i t i o n a l  c i r c u l i  format ion  does n o t  occur  
a f t e r  e a r l y  September, w e  compared t h e  frequency d i s t r i b u t i o n  of f i r s t -
annulus  c i r c u l i  c o u n t s  of Age-IV g r a y l i n g  ( n a t a l  y e a r  1980) captured  
d u r i n g  t h e  Badger Slough s p r i n g  f i s h e r y  w i t h  t h o s e  of young-of-the-year 
samples obta ined  i n  1981 (Walker, 1983) ,  1982 (Walker, 1983) ,  and 1984 
(F ig .  8 ) .  R e s u l t s  were i n c o n c l u s i v e :  t h e  1980 young-of-the-year sample 
wag n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  1984 young-of-the-year sample 
(x = 9.24, P > 0.05); however, d i f f e r e n c e s  be tweeq t h e  1980, 1981 and 
1982 young-of-the-year samples were s i g n i f i c a n t  (x > 80, P < 0.05).  
These r e s u l t s  i n d i c a t e  v a r i o u s  p o s s i b i l i t i e s :  young-of-the-year growth 
r a t e s  may v a r y  from y e a r  t o  y e a r  i n  Badger Slough, a d d i t i o n a l  growth o r  
c i r c u l i  format ion  can occur  i n  September,  o r  t h e  l a r g e r  and f a s t e r -  
growing f i s h  s u r v i v e  b e t t e r  t h a n  t h e  slower-growing f i s h .  

These f i r s t - a n n u l u s  c i r c u l i  c o u n t s  p r o v i d e  some s u p p o r t  t o  t h e  t h e o r y  of 
g r a y l i n g  homing t o  n a t a l  streams because t h e  average c i r c u l i  count  of 
t h e  Age-IV Badger Slough f i s h  was much g r e a t e r  t h a n  would be expected 
from f i s h  t h a t  were spawned i n  any o t h e r  r i v e r  s e c t i o n .  The average 
f i r s t - a n n u l u s  c i r c u l i  c o u n t s  and s t a n d a r d  d e v i a t i o n s  f o r  Chena River  and 
Badger Slough f i s h  are l i s t e d  i n  Table  18. Analys is  of v a r i a n c e  found a 
s i g n i f i c a n t  d i f f e r e n c e  i n  mean c o u n t s  between t h e s e  S e c t i o n s  (P < 0.05; 
F = 10.3) .  Student-Newman-Keuls (SNK) m u l t i p l e  range comparisons were 
s i g n i f i c a n t  between Badger Slough mean c i r c u l i  c o u n t s  and a l l  t h e  o t h e r  
s e c t i o n s  (P < 0.05) except  S e c t i o n  2b ( P  > 0.05; q = 2.04) .  T h i s  a g a i n  
i n d i c a t e s  t h a t  t h e  Badger Slough f i s h  may be a s e p a r a t e  spawning s t o c k .  
Why c i r c u l i  counts  from S e c t i o n  2b were n o t  s i g n i f i c a n t  i s  unknown. 
Perhaps m i g r a t i o n  of Badger Slough g r a y l i n g  i n t o  t h i s  s e c t i o n  caused t h e  
observed o v e r l a p  i n  c i r c u l i  counts .  A micro-wire t a g g i n g  experiment  of 
young-of-the-year Badger Slough f i s h  w i l l  b e  i n i t i a t e d  i n  1985 t o  h e l p  
e x p l a i n  t h e  importance of Badger Slough a s  a spawning stream and t o  
v e r i f y  homing t o  n a t a l  streams. 

Movements and Migra t ions  

Tagging Study: 

T h i s  s t u d y  was i n i t i a t e d  i n  June 1980 t o  i n c r e a s e  unders tanding  of 
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Table 18. Mean, s tandard  dev ia t ion ,  and range of s c a l e - c i r c u l i  counts  
of Age-IV Arc t i c  g ray l ing  sampled i n  t h e  Chena River ,  Badger 
Slough and Chatanika River ,  1984. 

Number Sample Area 
of D m  Badger Chatanika 

Ci r c u li 2b 8a S i t e  10b 12 Slough River 

Mean 8.16 7.68 7.16 7.26 6.28 8.67 5.52 

Standard 1.06 0.99 1.22 1.34 1.43 1.96 1.17 
d ev i at ion  

Range 6-12 6-10 6-12 4-11 4-9 6-13 4-9 
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i n t r a s t r e a m  movements of Chena River  g r a y l i n g  and t h e  importance of 
movements i n  s u s t a i n i n g  c a t c h  rates i n  high-use f i s h e r i e s .  

No a d d i t i o n a l  t a g g i n g  w a s  performed i n  1984 and o n l y  42 t a g s  were 
recovered.  A f t e r  one more summer of r e c a p t u r e  e f f o r t ,  a l l  d a t a  w i l l  be  
analyzed f o r  movement t r e n d s  over  a 5-year p e r i o d .  

Radio-Tagging: 

Small  s u r g i c a l l y - i m p l a n t e d  r a d i o  t r a n s m i t t e r s  were t e s t e d  on e i g h t  Chena 
River  g r a y l i n g  i n  1983 and 1984. The purpose was t o  de te rmine  t h e  
f e a s i b i l i t y  of  t h i s  method f o r  u s e  on s m a l l  f i s h ,  such  a s  g r a y l i n g .  It  
was hoped t h a t  rad io- tagging  would b e  u s e f u l  i n  t h e  f u t u r e  f o r  
p i n p o i n t i n g  o v e r w i n t e r i n g  and spawning areas and documenting movement 
and s t o c k  mixing. 

R e s u l t s  were mixed. The a c t u a l  t a g g i n g  o p e r a t i o n s  went w e l l ,  and t h e  
g r a y l i n g  appeared t o  behave normally a f t e r  r e l e a s e .  A l l  f i s h  tagged i n  
t h e  s p r i n g  moved upstream, and t h o s e  tagged i n  t h e  l a t e  summer moved 
downstream, as would be expected.  

The major problem w a s  w i t h  t a g  l i f e .  Two t a g  t y p e s  were t e s t e d :  one 
w i t h  a 7-to &month p r o j e c t e d  l i f e ,  and one w i t h  a 3-month l i f e .  The 3-
month t a g s  l a s t e d  an average of 70 days;  t h e  f i r s t  two 7-month t a g s  went 
dead a f t e r  on ly  about 1 month. It w a s  thought  t h a t  w a t e r  damage was t h e  
cause.  

Two more 7-month t a g s  were t e s t e d .  These had a s l i g h t l y  t h i c k e r  
cover ing  t o  p r e v e n t  water seepage.  These t a g s  l a s t e d  an average  of 
130 days.  Although much less than  t h e  expected t a g  l i f e ,  4 months i s  
enough t i m e  t o  document w i n t e r  movements of g r a y l i n g  tagged i n  t h e  l a t e  
f a l l .  T h e r e f o r e ,  a d d i t i o n a l  t e l e m e t r y  on t h e  Chena and Sa lcha  R i v e r s  i s  
proposed t o  map o v e r w i n t e r i n g  a r e a s  u s i n g  t h e s e  7-month t a g s .  

Stream Surveys 

L i t t l e  Chena River:  

A p r e l i m i n a r y  survey  of t h e  g r a y l i n g  p o p u l a t i o n  composi t ion of t h e  lower 
10 m i  of t h e  L i t t l e  Chena River w a s  performed i n  June 1984. The lower 
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T a b l e  19. 	 Mean Lengths-at-Age and Standard Deviati-ons f o r  436 A r c t i c  Grayling from t h e  Chena River 
and 41 Arc t i c  Grayling from t h e  L i t t l e  Chena River .  Lengths-at-Age f o r  t h e  L i t t l e  Chena 
River F ish  Were Back-Calculated. 
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back-ca lcu la ted  l e n g t h ;  however, t h e y  i n d i c a t e  t h a t  s i l t a t i o n  may have a 
d e t r i m e n t a l  e f f e c t  on f i s h ,  such a s  g r a y l i n g ,  which r e l y  on s i g h t  f o r  
feeding .  

Tack (1972) surveyed t h e  upper s e c t i o n s  of t h e  L i t t l e  Chena River  from 
S o r r e l s  Creek t o  t h e  Chena Hot S p r i n g s  Road b r i d g e .  Above t h e  i n f l u e n c e  
of mining s i l t a t i o n  ( a t  Fa i rbanks  Creek) ,  he found g r a y l i n g  f r y .  H e  
a l s o  found l a r g e r  f i s h  i n  a r e a  w i t h  s i l t y  w a t e r  b u t  was unable  t o  
c a p t u r e  t h e m  w i t h  hook and l i n e .  

LITERATURE CITED 

Conrad, R.  1984. S c a l e  p a t t e r n  a n a l y s i s  a s  a method f o r  i d e n t i f y i n g  
t h e  o r i g i n s  of sockeye salmon (Gncorhynchus nerka) i n  t h e  w a t e r s  
sur rounding  t h e  Kodiak Archipelago.  Alaska Department of F i s h  and 
Game I n f o r m a t i o n a l  L e a f l e t  No. 241: 49 p. 

Crecco, V.A. ,  and T.F. Savoy. 1984. E f f e c t s  of f l u c t u a t i o n s  i n  hydro- 
g r a p h i c  c o n d i t i o n s  on y e a r - c l a s s  s t r e n g t h  of American shad (Alosa
sapidissirnu) i n  t h e  Connect icu t  River .  Can. J. Aquat. S c i .  
44~1216-1223. 

Dixon, W . J . ,  and M.B. Brown, e d i t o r s .  1981. Biomedical computer 
programs P-series. U n i v e r s i t y  of C a l i f o r n i a  P r e s s ,  Berkeley.  

H a l l b e r g ,  J . E .  1977. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of 
t h e  A r c t i c  g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept.  of 
F i s h  and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1976-1977, P r o j e c t  F-9-9, 18(R-I): 23 p.  

. 1978. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arctic g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept. of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1977-1978, P r o j e c t  F-9-10, 19(R-I): 33 p.  

. 1979. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
A r c t i c  g r a y l i n g  i n  t h e  Tanana River d r a i n a g e .  Alaska Dept. of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1978-1979, P r o j e c t  F-9-11, 20(R-I): 16 p.  

. 1980. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arc t ic  g r a y l i n g  i n  t h e  Tanana River d r a i n a g e .  Alaska Dept.  of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1979-1980, P r o j e c t  F-9-12, 21(R-I): 22 p.  

. 1981. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arc t ic  g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept.  of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1980-1981, P r o j e c t  F-9-13, 22(R-I): 25 p. 

99 




back-ca lcu la ted  l e n g t h ;  however, t h e y  i n d i c a t e  t h a t  s i l t a t i o n  may have a 
d e t r i m e n t a l  e f f e c t  on f i s h ,  such a s  g r a y l i n g ,  which r e l y  on s i g h t  f o r  
feeding .  

Tack (1972) surveyed t h e  upper s e c t i o n s  of t h e  L i t t l e  Chena River  from 
S o r r e l s  Creek t o  t h e  Chena Hot S p r i n g s  Road b r i d g e .  Above t h e  i n f l u e n c e  
of mining s i l t a t i o n  ( a t  Fa i rbanks  Creek) ,  he found g r a y l i n g  f r y .  H e  
a l s o  found l a r g e r  f i s h  i n  a r e a  w i t h  s i l t y  w a t e r  b u t  was unable  t o  
c a p t u r e  t h e m  w i t h  hook and l i n e .  

LITERATURE CITED 

Conrad, R.  1984. S c a l e  p a t t e r n  a n a l y s i s  a s  a method f o r  i d e n t i f y i n g  
t h e  o r i g i n s  of sockeye salmon (Gncorhynchus nerka) i n  t h e  w a t e r s  
sur rounding  t h e  Kodiak Archipelago.  Alaska Department of F i s h  and 
Game I n f o r m a t i o n a l  L e a f l e t  No. 241: 49 p. 

Crecco, V.A. ,  and T.F. Savoy. 1984. E f f e c t s  of f l u c t u a t i o n s  i n  hydro- 
g r a p h i c  c o n d i t i o n s  on y e a r - c l a s s  s t r e n g t h  of American shad (Alosa
sapidissirnu) i n  t h e  Connect icu t  River .  Can. J. Aquat. S c i .  
44~1216-1223. 

Dixon, W . J . ,  and M.B. Brown, e d i t o r s .  1981. Biomedical computer 
programs P-series. U n i v e r s i t y  of C a l i f o r n i a  P r e s s ,  Berkeley.  

H a l l b e r g ,  J . E .  1977. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of 
t h e  A r c t i c  g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept.  of 
F i s h  and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1976-1977, P r o j e c t  F-9-9, 18(R-I): 23 p.  

. 1978. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arctic g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept. of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1977-1978, P r o j e c t  F-9-10, 19(R-I): 33 p.  

. 1979. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
A r c t i c  g r a y l i n g  i n  t h e  Tanana River d r a i n a g e .  Alaska Dept. of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1978-1979, P r o j e c t  F-9-11, 20(R-I): 16 p.  

. 1980. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arc t ic  g r a y l i n g  i n  t h e  Tanana River d r a i n a g e .  Alaska Dept.  of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1979-1980, P r o j e c t  F-9-12, 21(R-I): 22 p.  

. 1981. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arc t ic  g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept.  of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1980-1981, P r o j e c t  F-9-13, 22(R-I): 25 p. 

99 




back-ca lcu la ted  l e n g t h ;  however, t h e y  i n d i c a t e  t h a t  s i l t a t i o n  may have a 
d e t r i m e n t a l  e f f e c t  on f i s h ,  such a s  g r a y l i n g ,  which r e l y  on s i g h t  f o r  
feeding .  

Tack (1972) surveyed t h e  upper s e c t i o n s  of t h e  L i t t l e  Chena River  from 
S o r r e l s  Creek t o  t h e  Chena Hot S p r i n g s  Road b r i d g e .  Above t h e  i n f l u e n c e  
of mining s i l t a t i o n  ( a t  Fa i rbanks  Creek) ,  he found g r a y l i n g  f r y .  H e  
a l s o  found l a r g e r  f i s h  i n  a r e a  w i t h  s i l t y  w a t e r  b u t  was unable  t o  
c a p t u r e  t h e m  w i t h  hook and l i n e .  

LITERATURE CITED 

Conrad, R.  1984. S c a l e  p a t t e r n  a n a l y s i s  a s  a method f o r  i d e n t i f y i n g  
t h e  o r i g i n s  of sockeye salmon (Gncorhynchus nerka) i n  t h e  w a t e r s  
sur rounding  t h e  Kodiak Archipelago.  Alaska Department of F i s h  and 
Game I n f o r m a t i o n a l  L e a f l e t  No. 241: 49 p. 

Crecco, V.A. ,  and T.F. Savoy. 1984. E f f e c t s  of f l u c t u a t i o n s  i n  hydro- 
g r a p h i c  c o n d i t i o n s  on y e a r - c l a s s  s t r e n g t h  of American shad (Alosa
sapidissirnu) i n  t h e  Connect icu t  River .  Can. J. Aquat. S c i .  
44~1216-1223. 

Dixon, W . J . ,  and M.B. Brown, e d i t o r s .  1981. Biomedical computer 
programs P-series. U n i v e r s i t y  of C a l i f o r n i a  P r e s s ,  Berkeley.  

H a l l b e r g ,  J . E .  1977. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of 
t h e  A r c t i c  g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept.  of 
F i s h  and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1976-1977, P r o j e c t  F-9-9, 18(R-I): 23 p.  

. 1978. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arctic g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept. of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1977-1978, P r o j e c t  F-9-10, 19(R-I): 33 p.  

. 1979. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
A r c t i c  g r a y l i n g  i n  t h e  Tanana River d r a i n a g e .  Alaska Dept. of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1978-1979, P r o j e c t  F-9-11, 20(R-I): 16 p.  

. 1980. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arc t ic  g r a y l i n g  i n  t h e  Tanana River d r a i n a g e .  Alaska Dept.  of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1979-1980, P r o j e c t  F-9-12, 21(R-I): 22 p.  

. 1981. D i s t r i b u t i o n ,  abundance and n a t u r a l  h i s t o r y  of t h e  
Arc t ic  g r a y l i n g  i n  t h e  Tanana River  d r a i n a g e .  Alaska Dept.  of F i s h  
and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  Annual Report  of 
P r o g r e s s ,  1980-1981, P r o j e c t  F-9-13, 22(R-I): 25 p. 

99 



